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PREFACE

The purpose of this report is to present overall stage/vehicle failure modes and
other technical dsta applicable to Saturn S-IVB-501 which can be used for thg
desigﬁ of a Malfunction Detection System (MDS) or cen be used to assess the
effectiveness of an existing MDS or Emergency Detection System, This document
is one of & series of reports prepared in conjunction with the Reliabllity
Engineering Model for each S~-IVB Stage. The deta in this document revises that
which was previously presented in the preliminary edition of the Design Analysis
for the Malfunction Detection System, Saturn S-IVB-501 Stage, dated April, 1966.
This report includes the addition of information which was not previously issued

" and is now availsble.

This document was prepared by the Reliability Analysis Section of Saturn

Mechanics and Reliability Department, Saturn Development Engineering, of thevﬁlh&
Missile and Space System Division, Douglas Aircraft Company, Inc. It was preparéa
for the National Aeronautics and Space AdmiﬁistrationAunder Contract No. NAST7-101,

Change Order 388,
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ABSTRACT

This final Design Analysis for the Saturn S-~-IVB-501 Stage Malfunction Detection
System, Report SM=-53156, consists of technical analysis and data required for
the design of a malfunction detection system. The design analysis is compoéed
of three interdependent sections: 1) Failure Effect Analysis Dataj 2) Mal~
function Detection System Summary; and 3) Malfunction Detection System Single
Thread Cause/Effect Analysis. The first section is designéd to present a
detailed description of stage overall failure modes, the contributing sysﬁems,
the various time constraints involved, the parameters to be monitored, and their
respective failure mode consequences. This section contains recommendations
for the detection of critical stage malfunctions during flight. It supplies
supporting data required for determining type, location, redline values, and
response time of sensors, from liftoff to, and including, the end of the period
during which the stage must provide a stable pletform. The second section both
summarizes the failure effect data and presents information necessary to
determine telemetry signals best suited to transmit parameter information. It
also presents the time dependency of failure occurrence and effect, criticality
of failure type, and decisive damage resulting from failure. The third section
traces each fallure type from the item level, through the overall failure mode

level, to the stage loss level,

DESCRIPTORS

Saturn S5-IVB-501 Stage
Failure Effect Analysis
Single Thread Diagram
Failure Mode Criticality
Malfunction Detection System Analysis
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INTRODUCTION

Malfunction Detection System

The requirements for a Malfuncition Detection System (MDS) dictate that it be
designed to Bense trouble and, whers prastical, provide the indication that
permits decision., An MDS is also required to identify the most probable cause
of & given stage malfunction sui’ficiently early to permit, where possible, the
flight or ground crew to select an alternate mission, or to inltiate corrective
action that would preclude the necessity for abort and pcssible destruction of

the vehicle. An MDS may also include automatic reaction capabilities when time

constraints require rapid correction. During the boost phase, the S-IVB MDE may

operate in parallel with, or serve as a backup to the Emergency Detection System

(EDS).

Design Analysis for the Malfunctlon Detection Systen

The design analysis presented in this document provides detalled iﬁformaxion on
stage/veﬁicle failure modes and other technical data which can be used for the
design of an MDS or to evaluate the effectiveness of an existing EDS. This
information is arranged in three parts or sections. Each respective seobion is

discussed in the following three paragraphs.

The Fallure Effects Analysis Data section, whose format is shown in Figure A,
presents a detalled description of the overall failure mods, conbtributing
systems, the fallure mode consequence, various time counstrainte invelved, and
the parameters to be monitored. Alsc presented in this g&atia& are normal
parameter operating levels, maximum and minimum pavameter levels expested during
normal flight, and e listing of the sensors that monitor the vericus parameters.
The overall failure moée criticality, along with EDS informsbion and recommen-

- dations and pertinent discussions are presented, where possible.



The MDS Summary section, using the format shown in Figure B, summarizes the
failure effect analysis date and presents information necessary to determine the
telemetry signals best sulted to transmit parameter information. Where possible,
launch vehicle (L/V) limits, launch escape system (LES) limits, and abort modes

are also presented,

The MDS Single Thread Cause/Effect Analysis section, using the format as shbwn
in Figure C, traces each failure type from the item level, through the overall
failure mode level, to the stage loss level., The criticalities for the various
failure types of each flight critical item, along with the time phases during
which the fallure types can contribute to the overall fallure modes, are also
presented. In this manner the analysis points out all the failure modes that
the MDS could be designed to detect, the items that can cauvse the failure modes,
the time periods during which the failure modes can oeccur, and the probability

of stage loss resulting from the occurrence of a given failure mode.

General Information

VThe Taillure effect analysis of the Tlight critical items is taken from informa-
tion contained in the Reliability Engineering Model Douglas Report SM-LTWC6. The
analysis of the J-2 Engine is taken from NASA Internal Note IN-P & VE-V.65-T7 and
from the Rocketdyne J-2 Engine Manual, and is comsidered at the angine subsystem
level., Sensor and parameter information is derived from verious anslytical
studlies which have been performed in Douglas Saturn Development Bngineering. The
Propulsion System Configuration & Instrumentation schematice, as shown in Figure
D, is provided as an aid in determining the location and positioﬁ within the

configuration of various propulsion system BENSOrs.




FMLQF{E hE’fFECT ANALYSIS DATA

. CYERALL FAILURE MODE:  Geperal description of the overall failure mode which may result in stage or vehicle
loss with identification of specific contributing failure modes/types.

2. STAGE: Stage within which all componenis are located which could cause overall failure mode.

3. SYSTEM: gystem(e) which contain components within stage that could cause overall failure mode. By name
and number as appearing in Relisbility Engineering Model.

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR:  g440) gime span during vhich fallure of each component, with
respect to described failure mode, may cause stage or vehicle loss.

8. FAILURE MODE CONSEQUEMNCE:

Failure effect which is most closely related to stage or vehicle loss.

6. TIME DEPENDENCY OF FAILURE: A1l time dependent relationships between failure and failure effect are

described, Where necessary, critical perameters, those parameters most closely sasociated with failure effect, '
are plotted versus flight time and presented.

7 OVERALL FAILURE MODE CRITICALITY:
analysis and failure type »summary.

Overall failure mode criticality as determined from failure effect

8, MSFC RECOMMENDATION FOR EDS MONITOR: 4. only on approval of MSFC,
of formal recommendation to MSFC and approved for entry by R-F&VE-VO,

Such approval obtained by submisaion

9 MSC RECOMMENDATION FOR EDS MONITOR! Provided to DAC by MSFC,

10. MEASURING PARAMETER!  Roflects that parameter most directly associated with oversll failure mode.

" w: Liste all sensors associated with measurement of measwring parameter. Consists of
Measurement Number as listed in Instrumentation Program and Components List for specific stage.

2, W‘ Reaction time allowable between failure occurrence and nscessary safety and/or corrective
action. For purpose of determining type and location of sensor and parameter to be monitored.

13, NORMAL PARAMETER OPERATING LEVEL:

Hormal design operation level of all critical parameters.

14, MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT:

All normal deviations of critical parameters, within
specified tolerances, which may occur during normal flight,

13.EDS MONITOR SETTING: Furnished by R-PXVE-VO in accordance with MSFC-M3C requirementa for providing
flight crew with optimum information.

16, FAILURE EFFECT ANALYSIS: Complete description of all possible deviations from normel operating conditions

which may occur as the result of sustaining critical failure mode. Where applicable, plots of crivicel
parameters versus time are used.

I7 FLIGHT HISTORY: Complete description for 111 critical parameters under normal operating conditione; i.e,
no fallure, Where applicable, plots of critical parameters versusz time are uszed.

8. w Data, remarks, and discussion partinent to description of feilure and effects, display of
fallure detection deta for control purposes, human factors, etc., not deseribed elaevhere.

19, INFORMATION DEFICIENCY:
of design definition, ste.

Information required not available due to lack of test data, incomplete apalysis, lack

Figure A,

L%



REMARKS

Remarks - Pertinent remarks end information not tabulated elsewhere on the
MDS Summary Sheet is tabulated in the remarks column.

S8ignal - The characteristics of the sensor which is chosen for use in the

) malfunction system design is supplied to DAC by MSFC; however, DAC's
; recommendation is shown prior to decision by the responsible design group.
2
[
Abort Mode - The final abort mode entry is supplied to DAC by MSFC:
[ however, DAC's recommendation is shown prior to s joint decision by
" MSFC and MSC,
29
L3
Elﬂ Flight Time - The time during whicn the failure mode described in the failure
23 column is critical {could cause stage, vehicle, and/or mission loss) is licted
§ w i as shown on the Failure Effect Analysis Dats Form,
I "
g 3 ok LES Limit - The smount of time available to obtein a satisfactory sepasrstion from
gAY the vehicle with the launch escape system is listed (The LES limit is supnlied
S 2145 bx MSFC/MSC singe it requires detailed technical informstion with repect to LES
w 3 4 aracteristics&
2 'S o4 LV Limit - The minimum permissible time which csn elapse from occurrence of
s bt fallure to sustained failure effect (from the Failure Analysis Data Form)
] is listed.

MEASURING
PARAMETER

Measuring Parameter - The maesuring parameter shown on the
Foilure Effect Analysir Data Form is listed.

CRITI~

CALITY
NUMBER

Critic lity Number « The critivality number chown on the
Fa'lure Effect Anadlysis Data Form i2 listed,

MALFUNCTION DETECTION SYSTEM SUMMARY

FAILURE

EFFECT

Bffect = The fajlure effect as reflectes by the failure mone
connequance ontry on the Fallure Effect Analysis Data Form
ia deseribed briefly,

TYPE/ MODE

Typa/Moug « The overall failure mode aa listed on the Fallure
Effert Anulyais Data Form 48 lisved,
L}

FIGURE B.
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SECTION 1
FAILURE EFFECT ANALYSIS DATA (FEA DATA)




1.1 FAILURE EFFECT ANALYSIS DATA

I. OVERALL FAILURE MODE: 1oss of Ullzge Positioning: Due to loss of electrical power or signsl to thrust
ullage rocket motors or TO 1lb. ullage engines.

2. STAGE: Saturn V/S-IVB-501

3. SYSTEM: 41 Flectrical Power; k2 Electrical Contrpl; &3 Electrical Distribution,

4. PERIOD DURING WHICH FAILURE MODE MAY QCCUR: Prior to J2 engine start.

5. FAILURE MODE CONSEQUENCE: Loss of thrust due to failure of J2 engine to start.

8. TIME DEPENDENCY OF FAILURE: Minimum Fallure Reaction Time (MFRT) = ) second {battery fallure),

7. OVERALL FAILURE MODE CRITICALITY: 520

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not available.

9, MSC RECOMMENDATION FOR EDS MONITOR: Not availasble,

10. MEASURING PARAMETER:’ ﬁl) Vehicle acceleration,
2) Ullage rocket ignition,
(3) LH, and 10X pressures at pump inleta.

1. SENSOR LOCATION: 21; ADO05-411 (3) Xpooo2-403
T {2) koak3-kok XD0003-503
KOLkhokoh

12. EDS TIME DELAY: . Not available,

13, NORMAL PARAMETER OPERATING LEVEL: (1) As shown in figure 1.
2) As shown in figure .2,
3) As ghown in figures 3 znd 4.

14. MAXIMUM  DEVIATION EXPECTED DURING NORMAL FLIGHT: Not svsilsble,

15.EDS MONITOR SETTING: ot available,

6. FAILURE EFFECT ANALYSIS: Turbopump caviteiion would occur because of vapor cntyainment couwsed by
TProper &e ng o propellants,

IT FLIGHT HISTORY: (1) a ohown in tiguves 1 and 2,

8. DISCUSSIONT  Operatjon of eiiher o1 the two ullage rocket motors will provids suftisient thyust 1o zahile the
propellants, Ullege rocket motor ignitlon accurs 0.1 gscond bhziore gepuration and continugs for 4.5 seconds,

18. INFORMATION DEFICIENCY: iInformation not avallable for items 8, 9, 12, 14, & 15,
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1.2 FAILURE EFFECT ANALYSIS DATA

t. QVERALL FAILURE MODE: Loss of ILH, Chilldown: Due to loss of chilldown pumping, valve failure along chilldown
lines, losa of valve pneumatic powEr, loss of electrical power or command, leakage of J2 engine components.

3. SYSTEM: 23.01 IH, Feed and Chilldown; 24 Pneumatic Contxol; 26 Thrust; 41 Electrical Power; 42 Electrical -
Control; 43 E].ectg'lcal Dstribution.

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR: Prior to J2 engine first or second burn.

5. FAILURE MODE CONSEQUENCE: ILosa of thrust due to failure of J2 engine to start,

6. TIME DEPENDENCY OF FAILURE: MFRT = 50 second {feed & chill shutoft valves).

7 OVERALL FAILURE MODE CRITICALITY: 3100

8. MSFC RECOMMENDATION FOR EDS MONITOR: HNot available.

9. MSC RECOMMENDATION FOR EDS MONITOR: Not available.

10. MEASURING PARAMETER: (1 3§ turbopump inlet temperature.
Pn

2 chilldown flow rate,
3 umatic He quantity and pressure,
L) Aft battery 2 load,
il. SENSOR LOGATION: (1) X£0003=403 (4) MoOaBabih
) VXFOO05LbLoOL
3) VxbooLksbLo3

2. E0S_TIME DELAY: Hot availsbie.

“I3. NORMAL PARAMETER OPERAT

ING LEVEL : ay in 1
3) 4s shown in figire 6,
{k) As ahown in figure T.

14, MAXIMUM _OEVIATION EXPECTED DURING NORMAL FLIGHT: (3) 1.3 jn/sec. minimun at o hesd of 6.1 peig.

15, EDS MONITOR SETTING: Not available,

d

16, FAILURE EFFECT ANALYSIS: TLoss of chilldown flow would result in vepor in the I.li2 lines snd sudbsequent
turbopump cavitstion.

17 FLIGHT HISTORY: As shown in figures 5 thru 7.

18. DISCUSSION:  (nilldown begins approximately S minutes before liftoff and continues until 0.6 second before
Jo engine start. Second chilldown begins 5 minutes before engine restart,

19, INFORMATION DEFICIENCY: Information not availgble for items 8, 9, 12, and 15,

14
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1.3 FAILURE EFFECT ANALYSIS DATA

lines, loss of valve prneumatic power, loss of electrical power or command, leakage of J2 engine componenta.

t. OVERALL FAILURE MODE: Ioss of LOX Chilldown: Due to loss of chilldewn pumping, valve failure slong chilldown

2. STAGE: Saturn V/S-IVB-501

53, SYSTEM: 23.02 LOX Fred and Chilldowni 2u Pneumatic Control: 26 Thruat: Ui Eleetrical Power: 42 Electricel
¢ tontrol; #3 Fleetrieal Distribution.
§

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR: Prior to J2 engine first or second burn.

5. FAILURE MODE CONSEQUENCE: Loss .ot thrust due to falilure of J2 engine to start.

o

. TIME DEPENDENCY OF FAILURE: MFRT = 100 seconds (feed & chill shutoff valves).

7. OVERALL FAILURE MODE CRITICALITY: 2900

8 MSFC RECOMMENDATION FOR EDS MONITOR: Not available.
!/ )

9. MSC RECOMMENDATION FOR EDS MONITOR' Not svailable.

10, MEASURING PARAMETER! LOX turbopump inlet temperature.

1
2) 10X ehilldown {low rate,
3
i

Pneumatic He quantity and preasure,
Aft battery 2 load.

. SENSOR LOCATION: (1) XCO00k-kO3 (&) MooR2-40N
- gaa VXFOOOL L2k
3) VXDOOLu-403

i2. EDS TIME DELAY: Not available.

13. NORMAL PARAMETER OPERATING LEVEL: As shown in figure 8,
As shown in figure b,

As shown in figure 7.

o~
W -
St St e

4. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: (2} § 1b/sec. minimum at & head of 15 peig.

15,EDS MONITOR SETTING® Mot availsble,

i6. FAILURE EFFECT ANALYSIS: Loss of chilldown 1low would resul: in vepor in the LOX feed lines and
subsequent turbopump cavitation.

T FLIGHT HISTORY:  As ghown in flgures 6 thru °

before J2 engine start. Second chilldown begins 5 minutes before ensine resuvart,

18. DISCUSSION:  ¢hilldown pumping begins approximately 5 minutes before 1ifto!f end continues until 0.6 seconds

{9, INFORMATION DEFICIENCY? Information not available for items 8, 9, 12, and 1%,

18
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1.4 } FAILURE cFFECT ANALY .S DATA -

power or start command, closed prevalve, loss of PU electronics output, closed wain fuel valve, closed engine

H
¥
g& OVERALL FAILURE MODE: Loss of Engine Start Capability: Due to isse of pneumatic power, loss of electrical
1
i start tank valve,

STAGL:  Saturn V/S-IVB-501

£33, SYSTEM® 2k Pnoumatie Control; 26 Thrust; b1 Rlectrieal Pover; 42 Eeotrical Control; 43 Bectricsl Distributien;
L L Propellant Utilization.

i 4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR' Prior to J2 engine programmed ignition.

5. FAILURE MODE CONSEQUENCE: losas vof thrust dus to failure of J2 engine to start.

6. TIME DEPENDENCY OF FAILURE: MFRT = 1 second {battery failure).

7. OVERALL FAILURE MOOE CRITICALITY: 5000

8. MSFC RECOMMENDATION FOR EDS MONITOR: ¥Not svailable.

9. MSC RECOMMENDATION FOR EDS MONITOR: Not avallable.

10. MEASURING PARAMETER:

1) Start tank prassurs. E'(g Main fuel valve poaition.
2) PU valve position. 8) Start tank valve position.
3} Engine bus voltage.

gh Prestart valve position.

‘j; PU inverter-converter outputa.

(6) Pneumatic He quantity.

1. SENSOR LOCATION: 21; VXDOOLT-401 {3) MO0O0S-boL (&) xolii-bok (6) WwxpooLk-ko3
T 2 VG0010-401 MO0O0T-b0L (5) vMOOO1-b11 (7) vkoo18-ko1r
(8) G000g- hob

12. EDS TIME DELAY: Not available.

13, NORMAL PARAMETER OPERATING LEVEL: {1) Start tank pressure as showa in figure 9. (6) As shown in figure 6.
g Start tenk masses as shown in figure 10.

(5) 115 & 3.45 V at koo + 6 eps
5.0 % 0,5 VDC -
21.0(:» 1.5 m:)

1.0 V¢

14. MAXIMUM DEVIATION EXPEGTED DURING NORMAL FLIGHT:  {5) As shown in item 13.

I5.EDS MONITOR SETTING!  Not avallable.

16. FAILURE EFFECT ANALYSIS: Gas generator burnout may occur if PU (propellant utilization) valve drives to closed
position, preventing engine start.

I7. FLIGHT HISTORY: As shown in figures 6 and 10.

18. DISCUSSION: Information on J2 engine components contributing to this overall fallure mode 1s preaented in J2
Englne Fallure Effect Analysis, Rocketdyne Rsport R-2°900-i7.

18. INFORMATION DEFICIENCY: Information not available for items 8, 9, 12, and 15.

20
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1.5 FAILLRE EFFECT ANALYSIS DATA

i, OVERALL FAILURE MODE: 1Loes of LH, Tank Pressurization: Due to open fill and drain valve, open ullage pressure
system valves, feed or engine ductgng leakage, loes of electrical pover of command, loss of pneumatir power,

2. STAGE: Saturn V/S-IVB-501

p et

3, SYSTEM: 21.01 ¥Fill and Draint 28.01 we Tank Uldage Pressurer 23,01 LM, FPeed and Chilldown: 24 Preumatie
Eonitrol; 26 Thruef; L1 Klectrical Pover; 42°Electricsl Control; 43 Elect.rical Distribution.

4. PERIOD DURING WHICH FAILURE MODE MAY OCCUR: yp to J2 engine programmed second cutolf.

5 FAILURE MODE CONSEQUENCE' Losa of thrust due to failure of J2 engine to start or premature etutofl.

6. TIME DEPENDENCY OF FAILURE:  MFRT = 1 second (111l & drein or chill ducting).
) 2 ssconds {ullage pressure system),

7 OVERALL FAILURE MODE CRITICALITY: 8ao

8, MSFC RECOMMENDATION FOR EDS MONITOR!  Not available.

9. MSC RECOMMENDATION FOR EDS MONITOR! Hot eveilable.

10. MEASURING PARAMETER: 51% Lﬂi tank ullage pressure.
2) Cold He mass.

H. SENSOR LOCATION: (1) XDOi77-410

0178410
(2) None.
2. EDS TIME DELAY: Not available.

13, NORMAL PARAMETER OPERATING LEVEL : 51) Ag shown in figure 11.
2) As shouwn in figure 16.

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: (1) 28 to 3l peia.

I5.EDS MONITOR SETTING: Not aveilsble.

6. FAILURE EFFECT ANALYSIS: Ioss of LH, tank ullage pressure results in turbopump cavitation.
See figure 12.

IT. FLIGHT HISTORY:  Sce figures 11 thru 16.

18, DISCUS3.C CetE o, Cagkne Durn, Lﬁa tank pressurizetion is mainiained by means of geseous hydrogen bled
from the engine injector manitold.

19. INFORMATION DEFICIENCY? Injormation nol aveilsble tor items 8, 9, 12, & 15.
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1.6 FAILURE EFFECT ANALYSIS DATA

I QVERALL FAILURE MODE: Yoss of Repressurizstion Capability: Eue to open pressurization system velves,
leakage or loss of flow of preassurizing He, loss of electricsl power oy command.

2. STAGE: Saturn V/S-T¥B-501

3. SYSTEM: 22.01 LH, Tenk Ullage Pressure; 41 Electricsl Power; 42 Electricel Control; 43 Electrical Distribution.

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR: Prior to J2 engine programmed second Start,

5 FAILURE MODE CONSEQUENCE: Loss of thruast due to feilure of J2 engine to start.

6. TIME DEPENDENCY OF FAJLURE! MFRT = 10 seconds (ullage pressure asystem),

7. OVERALL FAILURE MODE CRITICALITY: 680

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not aveilable.

9. MSC RECOMMENDATION FOR EDS MONITOR: Hot available,

10. MEASURING PARAMETER: (1; Repressurization He quantity (embient supply).
(2 Ll-l2 tapk ullage pressure,

11, SENSOR LOCATION: 21; Hone,
mm——— {2) XDOLTT~b10
poLT78-410

2. EDS TIME DELAY: Hot availsble,

3. NORMAL PARAMETER OPERATING LEVEL: (1) A= shown in figure 17.

€2) 31 to 34 psia (repressurizetion and 2nd burn).
19 to 21 paia (orbital coast).

14, MAXIMUM DEVIATION EXPECTED DURING MORMAL FLIGHT: (2) As shown in item 13.

15.EDS MONITOR SETTING: HNot available.

16. FAILURE EFFECT AMNALYSIS: Ipability to repressurize the LHQ tenk results in cavitation of the LH.2 turbopumg .

1% FLIGHT HISTORY: As ahown in figure 17.

18, DISCUSSION:  puring coeat phase before englne second burn, switeh 22,01-06 csntrols repseosurdisatiog syele by
maintaining Lﬂﬂ tank pressure to between 31 and 3h pata,

19. INFORMATION DEFICIENCY: Information not aveilable for items 8, 9, 12, & 15.
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1.8 FAILURE EFFECT ANALYSIS DATA

I. OVERALL FAILURE MODE: loss of LOX Repremsurization Capability: Duc to open pressurization system valves,
leakage or flow stoppage of pressurising He¢, loss of electrical power or command.

2. STAGE: Saturn V/8~IVE-501

3. SYSTEM: 22,02 LOX Tenk Ullege Preasure; bl Rloctriecsl Power; b2 Electricsl Control; 43 Electrieal Distridution.

4 PERIOD DURING WHICH FAILURE MODE 2AY OCCUR: Prior to J2 eagine progyammed second start.

8 FAILURE MODE CONSEQUENCE: loss of thrust due to fallure of J2 englne to start.

6 TIME DEPENDENCY OF FAILURE: MFR? = 20 seconds (ullage pressure).

7. OVERALL FAILURE MODE CRITICALITY: 620

8. MSFC RECOMMENDATION FOR EDS MONITOR: Hot available.

9. MSC RECOMMENDATION FOR EDS MONITOR: Hot avsilable.

1Q. MEASURING PARAMETER: 21; Repressurization He quantity (ambient supply),
2) LOX tank ullage pressure.

11. SENSOR LOGATION: flg ¥one, 2l '
== {2Y xpoLTS-
DOL80-424

12.E08 TIME DELAY: Hot awailable.

13, NORMAL PARAMETER OPERATING LEVEL : }1 A8 showm in figure 23,
‘ 2) 38 to bl paile (repressurization and 2nd bum),

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: (2) a2 ghown in item 13,

18.EDS MONITOR SETTING: HNot aveilable.

16, FAILURE EFFECT ANALYSIS: Inebility to repxessurize the LOX tank results in turbopump cavitation,

17 PLIGHT MIBTORY! Ae shown ia figuse 23,

-

18. DISCUSSION: During phase E {coast phase before engine second burn), awitch 22.02-06 sterts repressurdzation
jubiotubvinhutiividg
cycle when 10X tenk pressure drops below 38 puts,

19. INFORMATION DEFICIENCY!  Informstion not sveilsble for items 8, 9, 12, & 15.

8
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1.9 FAILURE EFFECT ANALYSIS DATA

. OVERALL FAILURE MODE: loss of m.‘, Feed: Due to closed L!!a ghuto?f vealves, loss of pneumatic power, loas
ol electrical power or command.

2. STAGE: Saturn V/S-IVB-501

3 SYSTEM: 23.01 Feed and Chilldown; 24 Pneumstic Control; 26 Thrust; 41 Electricsl Power; 42 Electrical
Tontrol: 43 Elect¥ical Distribution.

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR:  puring J2 enéine burn.

5 FAILURE MODE CONSEQUENCE: Loss of thrust due to fajlure of J2 engine to start or premature cutoff.

6. TIME DEPENDENCY OF FAILURE:! MFRT = 1 second (Lﬂe shutoff velves).

T OVERALL FAILURE MODE CRITICALITY: 720

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not available.

9. MSC RECOMMENDATION FOR EDS MONITOR: Rot available.

2 pre-valve open/closed.
3) main shutoff valve open/closed.

10, MEASURING PARAMETER: glg % flow rate,
{4) Pneumatic He quantity.

)
'

i, SENSOR LOCATION: (1) F0002-401 (3) vK0018-401

(2) KO1il-koh K0019.401
KOL12-hok (&) wxoooLh-ho3

12. EDS TIME DELAY: Not aveilsble,

13. NORMAL PARAMETER OPERATING LEVEL: (2) 5.01 1 EMR flow rate = 76.5 1b/sec.
: h.k3; 1 BMR flow rate = 76.1 lb/sen. .

(4) As shown in figure 6.

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT:  Not available.

I8.EDS MONITOR SETTING:  Not available.

16, FAILURE EFFECT ANALYSIS: Loss of thrust due to tuel starvation.

B
4

1T FLIGHT HISTORY: First bum IMR = 5.0: 1
R Second burn lst 5.5 seconds snd last 147.4 seconds EMR = 5.0: 1.
Second burm middle 163.2 seconds EMR = 4.5: 1.

18, DlSQQSSIONi Shuteff valve 23,01-05 provides emergency shutoff cepebility. Shuteff valve opens prior to #ngine
start and clowes sbout one nalf second siter shutoff. It opens 60 seconde lster end closes one half second after
second shutoff of the engine, Shutoff valve opens 60 seeconds later and remains open.

19, INFORMATION DEFICIENCY:  Information not available for items 8, 9, 12, 1k, & 15.
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1.10 FAILURE EFFECT ANALYSIS DATA

I. QVERALL FAILURE MODE: Loss of LOX Feed: Due to closed LOX shutoff valves, loss of pneumatic power, loss
of electrical power or command. .

i

2. STAGE: Saturn V/S-IVB-501

3. SYSTEM: 23.02 LOX Feed and Chilldown: 24 Pneumstic Control; 26 Thrust; 41 Electrical Power; 42 Electrical
Control; 43 Electrical Distribution.

4. PERIOD DURING WHICH FAILURE MODE MAY OCCUR: Prior to snd during J2 engine burn.

8. FAILURE MODE CONSEQUENCE: Loss of thrust due to fallure of J2 englue to stert or prematupe cutoff,

6. TIME DEPENDENCY OF FAILURE: MFRT = 1 second (LOX shutoff valve).

7 OVERALL FAILURE MODE CRITICALITY: 930

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not available,

9. MSC RECOMMENDATION FOR EDS MONITOR: UNot aveilable.

10. MEASURING PARAMETER: 1; LOX flow rate.
2) LOX pre-valve open/closed.
E} 10X main shutoif valve open/closed,
Pneunatic He quantity.

it. SENSOR LOCATION: 1{ FO001-401 (3) vKo120-401
R — 2) KOl09~h03 K0121.401
KO011.0-403 {4) VvXDOOLL4.hO3

2. EDS TIME DELAY: Not available.

13, NORMAL PARAMETER OPERATING LEVEL: (2) 5.0: 1 EMR 10X flow rete = 4OY.5 lb/sec,
L, 43:1 PMR LOX flov rate = 33T 1b/sec.

(4) A2 shown in figure 6,

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: Not available.

15, EDS MONITOR SETTING: Hot available.

16, FAILURE EFFECT ANALYSIS: loas of thrust due to engine LOX starvation.

{7 FLIGHT HISTORY: First bumm, EMR = 5.0:1.
———————— Second burn, lst 5.5 seconds end lsst 147.4 aeconds, EMR = 5.0:1.
Second burn, middle 163.2 gseconds, IR = 4,5:1.

18. DISCUSSION: Shutoff valve 23.02~05 provides emergency shutoff cepsbility to the main LOX valve. Shuteif velve
Opens prior to rirsc engine atert and closes about one hall deeond after shutoff. It opens 60 seconds later and
eloses one half second after second engine ghutofi. Velve opens 60 gseconds later end vemsing open.

19. INFORMATION DEFICIENCY! TIniormation not eveilable for iteme 8, 9, 12, 14, & 15.
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1.11 FAILURE EFFECT ANALYSIS DATA

i. OVERALL FAILURE MODE: High Lﬂz Temperature: Loss of bypass regulator, loss of slectrical pover or commend to
open bypass regulator, loss of electrical power or signal.

2 STAGE: saturn V/S-IVB-501

3. SYSTEM: 22.01 LH, Tank Ullage Pressure; 42 Electrical Control; 43 Electrical Distribution.

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR: Dpuring J2 engine burn.

5 FAILURE MODE CONSEQUENCE: Loss of thrust due to failure of J2 engine to start or premature cutoff.

6. TIME DEPENDENCY OF FAILURE: MFRT = 330 seconds {bypass regulator).

7. OVERALL FAILURE MODE CRITICALITY: 340

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not available.

9. MSC RECOMMEMNDATION FOR EDS MONITOR: Not availeble. .

0. MEASURING PARAMETER: (1) tank temperature.
(2) tank ullage tempersture,

1. SENSOR LOCATION: (1) ©€0051-408 thru €0053-408
. C0062-408 thru €0068-408
(2) COO34-k0B thru CO039-k08

12. EDS TIME DELAY: Not available.

13, NORMAL PARAMETER OPERATING LEVEL ! LH, temp. = -423°F at 1 atm,

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT:  .425° to -413°F

15.EDS MONITOR SETTING: Not available.

18, FALLURE EFFECT ANALYSIS: Stratification of the !..l{2 into isyers would occur vhich would cavitate the Llia
turbopunmp.

I7 FLIGHT HISTORY:  Within limits stated in item 13 throughout flight,

18. DISCUSSION Bypass regulator 22.01-17.03 meintains Ll{2 tank pressure at 20 to 20.5 psia during phase E
{cosst phase before engine segond burn) by bleeding execens gasesus hydrogen overboard through the eentinuous
vent system, Valve 22,01-17.01 bleeds gaagous hydrogen through the continuous vent system at approximately
the rate of boiloff thereby allowing 22.01~1T7.03 to remain closed most of the time,

9. INFORMATION DEFICIENCY: Inforwation not svailable for items 8, 9, 12,4 15,
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1.12 FAILURE EFFECT ANALYSIS DATA

i. OVERALL FAILURE MODE: Propellant Sloshing: Due to loss of continuous venting syatem, loss of electrical pover
or command. '

2. STAGE: Saturn V/S-IVB-501

3. SYSTEM: 22.01 LH, Tank Ullage Pressure; 41 Electricel Power; 42 Electrical Control; h3 Electrical Distribution.

4. PERIOD DURING WHICH FAILURE MODE MAY OCCUR: During J2 engine burn.

8, FAILURE MODE CONSEQUENCE: Loss of thrust due to failure to atart or prematurs engine cutoff.

6 TIME DEPENDENCY OF FAILURE: MFRT = 330 seconds (continuous vent shutoff valve).

7. OVERALL FAILURE MODE CRITICALITY: 1460

8. MSFC RECOMMENDATION FOR £DS MONITOR:  Not available.

9. MSC RECOMMENDATION FOR EDS MONITOR: Not available. '

10. MEASURING PARAMETER: (1) Continuous venting pressure (I.Ils tank pressure).
2) Continuous vent shutoff valve ofen/closed.

Il. SENSOR LOCATION: (1) Do181-hko9 (2) KOi5k-h10
[ D0182-403 KO155-410

12, EDS TIME DELAY! Not svailsble,

I3. NORMAL PARAMETER OPERATING LEVEL: (1) 20.5 psia.

14, MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT! (1) 20 to 20,5 peia,

I15,ED8 MONITOR SETTING: Not available.

16. FAILURE EFFECT ANALYSIS: Propellant sloshing mey introduce vapor into propellant feed lines end cause
pump cavitation,

IT. FLIGHT HISTORY:  Pressure constent during orbital coast phese,

18. DISCUSSION: Shutotf{ valve 22.01-17.01 controla the flow of ullage gases to the continuous vent noszles.
Failure would result in irregulsr sccelerations being produced by the opening and closing of bypsss regulstor
22.01-17.03 as it attempts to maintain correct pressure, Unsettling of propellants may result.

19. INFORMATION DEFICIENCY:  Information not available for items 8, 9, 12, & 15,
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1.13 FAILURE EFFECT ANALYSIS DATA

I. OVERALL FAILURE MODE: Lﬂa Depletion: Due to open or lesking mz £111 and drsin velve, leaking Ll!2 ducts, loss
of pneumatic power, open main !l2 valve, er open gas gensrator valve.

2. STAGE: Baturn V¥/S-IVB-501

3. SYSTEM: 21.01 LB2 Fill end Drein; 23.01 L!L‘, Feed and Chilldown; 24 Pneuretic Control; 26 Thrust,

4. PERIOD DURING WHICH FAILURE MODE MAY OCCUR: yp to J2 engine second cutoff.

5 FAILURE MODE CONSEQUENCE: Loss of thrust due to premature J2 engine cutoff,

6. TIME DEPENDENCY OF FAILURE: Not available.

7 OVERALL FAILURE MODE CRITICALITY: 33

8. MSFC RECOMMENDATION FOR EDS MONITOR:  Not available,

9. MSC RECOMMENDATION FOR EDS MONITOR: xot available,

10. MEASURING PARAMETER: ”'2 quantity.

tt. SENSOR LOCATION: L0001-408
LoooR2-408

2. EDS TIME DELAY: Not available.

3. NORMAL PARAMETER OPERATING LEVEL: As shown in" figure 2k,

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: 1,3% BSS (3 « value)

15,EDS MONITOR SETTING:  Not available. )

16. FAILURE EFFECT ANALYSIS: Engine operation would terminate before programmed cutoff due to fuel starvation.

{T. FLIGHT HISTORY: Ag shown in figure 24,

10. DISCUSSION:  Depletion cutoff ocecurs with an LH, pass of 490 1b,

19. INFORMATION DEFICIENCY! Information not sveilable for items 8, 9, 12, & 15.

m



LHy MASS LOADING (LB)

50K =
40K \
FIRST BURN (EMR»5.0:1)
30K ‘ \
' "\.f\r /~ SECOND BURN
.(EMR=5.0:1 & 4.43:1)
20K
10K
D Gm—

0 200 400 600 IK 5K 10KVIIK 112K 114K 116K 1L8K 12K

FLIGHT TIME (SEC)

Figure 24, Expected LHy Mass History



1.14 FAILURE EFFECT ANALYSIS DATA

{. OVERALL FAILURE MODE: 10X Depletion: Due to open or leaking LOX fill and drain valve, leaking LOX ducting,
loss of pneumatic control, open main LOX valve, or propellant utilization (PU) valve driven to hard closed
position. -

2 STAGE: Saturn V/S-IVB-501

3. SYSTEM: 21.02 LOX Fill and Drain; 23.02 LOX Feed and Chilldown; 24 Pneumatic Control; 26 Thrust; 41 Electrical
Power; 42 Electrical Control; 43 Electrical Distribution; 46 Propellant Utilization.

4. PERIOD DURING WHICH FAILURE MODE MAY OCCUR: Until J2 engine second cutoff,

5 FAILURE MODE CONSEQUENCE: Loss of thrust due to premature cutoff.

6. TIME DEPENDENCY OF FAILURE: Not available,

7. OVERALL FAILURE MODE CRITICALITY: 830

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not avalliable.

9. MSC RECOMMENDATION FOR EDS MONITOR: Not available.

10. MEASURING PARAMETER: LOX quantity.
H. SENSOR LOCATION: 1.00O4=40b LO0OB-L 6 LO011-406
LO005-400 LO009-406 LO012-406

L0006-406 LO010-400 L0013-406

2. EDS TIME DELAY: Not available.

13. NORMAL PARAMETER OPERATING LEVEL:  As shown in figure 25,

14, MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: 1,3% RSS (3 o velue),

15.EDS MONITOR SETTING: - Not available.

6. FAILURE EFFECT ANALYSIS: Engine operation would terminate before programmed cutoi’ due to oxidizer starvetion

17 FLIGHT MISTORY! a4 snown in figure 25.

18. DISCUSSION:  Failure in the PU electronics whieh would give a spurlous output to drive thée PU velve to hard
close (EMR » 5.62:1) would deplete the IOX and would lower the total impulse, Depletion cuteff pecurs with
s 10X mass of 1880 1b,

19. INFORMATION DEFICIENCY: Information not availsble for items B, 9, 12, & 15.
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1.15 FALLURE SFFa07 ANALD 22 SATA

L. QVERALL FAILURE wODE: Vapor in LOX Feed Lines: Iue to cpen chliluown shutorf wvalve, 1oss of pneumatic power,
lose of slectrical power, or loas of pneumatic system operating sigaais.

pRuget

o

STAGE:  Saturn V/S-IVB-501

3,02 10X Feed and Ehilldown: 24 Pneusatie Contrel: 86 Thyust; bl Rleetrieal Power; 42 Eleetrical
3 Electrical Digtribution.

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR: During J2 engine second burn.

5 FAILURE MODE CONSEQUENCE: loss of thrust due to premature cutoif.

6. TIME DEPENDENCY OF FAILURE: MFRT = 2 seconds (LOX chilldown shutoff valve).

7. OVERALL FAILURE MODE CRITICALITY: ThO

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not available.

9. MSC RECOMMENDATION FOR EDS MONITOR: Not available.

10. MEASURING PARAMETER: (1) Cnilldown shutoff valve open/closed.
(2) Cola He pressure.

(3) Engine contrel He supply.

(4) Pneumatic He supply.

1. SENSOR LOCATION: (1) xo138-k2h (2) vXpoo16-L2s
T T X0139-bau (3) VXpoo19-kol
(L) vxDOOLk-403

12. EDS TIME DELAY: Kot available.

13. NORMAL PARAMETER OPERATING LEVEL :(4%) As shown in figure 6.

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: Hot aveilable.

15.EDS MONITOR SETTING! Not available.

16. FAILURE EFFECT ANALYSIS: Premature J2 engine cutoff would occur due to the oxidizer being supplied to the
engine partially In the vapor phase.

3

17 FLIGHT HISTORY: 40 showm 4n tigure 6.

18 W: Oxygen vepor may flow into the LOX feed line only when the liquid level is not sufficlent in the

chilldown feed line as during the last few seconds of J2 engine second burn or if ullage thrust is insufficient
before start.

19. INFORMATION DEFICIENCY: Information not avellable for items 8, 9, 12, lh, & 15.
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Loio TR i N T TG AN ) TS
po OVIRALL FAILGRE MODE Pronature Pnadne (oocdosn Intudaiion:  Due e ciosed propellsnt shilefl valves, loss o°
§ preumalics, faulty J2 ¢ngine operatlion, prerdture range safcly charying, 1oss of clectrical power, or spurious
M cii‘alt signel.
f2 STAGE:  Caturn Vi5-IVB-501
:
g

3 SYSTEM: 23.01 LH, Feed and Caillidown: 22.02 10X Fred and Chilldown: 24 Pneumatic Control; 2h Thrust: sl
Elrctrical Power: &2 Eiceirical Control: 51 Range Oatety. :

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR: Up to progremmed J2 engine second burnout.

5. FAILURE MODE CONSEQUENCE: Loss of thrusl due to premature cutoff.

6 TIME DEPENDENCY OF FAILURE: MFRT = 1 second {propellant shutoff valves).

7. OVERALL FAILURE MODE CRITICALITY: 2600

8. MSFC RECOMMENDATION FOR EDS MONITOR:  Not available.

9. MSC RECOMMENDATION FOR EDS MONITOR: Not available.

10, MEASURING PARAMETER! (1) Cutest sinal.
§2) Ranze satety arm/eutor signal.
: (3) Proprllan' shutoi{ velves oprn’cloaed.
)

Forvard 1 and Att 1 bug volrame and load.

. SENSOR LOCATION: élg K001 3-40] (3) KOY3twhow (it} MOOLbaaOn
T— 2)  KoouBehl) K013/ aboo MOC e 1]
Koma9euil K01 3R-h2n MOQLIeh1)

KO]j‘}-"JEU MOOR1wbi Ol

i2. £08 TIME DELAY: Not avellable.

/3. NORMAL PARAMETER OPERATING LEVEL: («) As shown in figures 20 and £7.

14 MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: (&) 1wd tus 1: 30 te 35 VDC (prestar |,
- : — = Freovug 13 30 te 3u UBE {prestar ).
(4) 8v 1izures 26 srd 25,

15, E08 MONITOR SETTING: N mvailabvie.

I16. FAILURE EFFECT ANALYSIS: Engine oprrs'ion would terrina’s prematurely heceuss of propellent rarvaiion or
en erroneous cute!* slral.

T FLIGHT HISTORY: (L) As snown in tigures 2m and 27.

18, DtSCUSS%?N: Engine cutof? is n-oraal v A ves
Switon @ Sre Canl may alst ne aceomonioler
~r by the urrrellant tank dente
injtiate engive ocut~¢f ater n

coant Unit vie
toantion aystem
“ach tank vill

SoEenfalu.

Sraed tine ety

19, INFORMATION DEFICIENCY: In‘ormation not availsble fcr ftems &, 9, 12, & 15,
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. e NeRiL] D e e

arvr o e to feilure of hydraulic pumps, sir or tluld leakage,
tsilure of asccumulator, loss of fluid temperature control, 1036 of electrical power or control.

L CVEHALL FAILURE MODE:  loss of Hydraulic Pre

e et s

2. STAGE:  Saturn V/S-IVB-501

s

33. SYSTEM: 31 Hydraulic; bl Flectrical Power: 42 Electrical Control.

? 4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR: Up to J2 engine second burnout.

5, FAILURE MODE CONSEQUENCE: Ioss- of flight control due to loss of ateering sbility.

6. TIME DEPENDENCY OF FAILURE: MFRT = 2 seconds (hydrsulic system).

7 OVERALL FAILURE MODE CRITICALITY: 2400

8. MSFC RECOMMENDATION FOR EDS MONITOR:  Not available.

9. MSC RECOMMENDATION FOR EDS MONITOR: Not available.

10. MEASURING PARAMETER! Hydraulic pressure,
Hydraulic fluid quantity.
Rydrsulic fluid temperature.

Fwd 1 and Aft 2 load.

—~———
£
e

Il. SENSOR LOCATION: (1) VDOOu2-403 (3) veoos1-603 () MOOL5-LOL
(2) VXL0o007-403 C0215-401 MOD16-411
(3) VC0050-L01 MO019-a1l
MO022- 40
i2. EDS TIME DELAY: Not avsilable.

13. NORMAL PARAMETER OPERATING LEVEL: (l) GN, limits shown in “imire 29. ° o
(3) Matn hydrsulic purp inieti temp during J2 engine burn: O to 260°F.
(L) As shown in tigures 7 and 26,

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FL -~T° /. A& shown i {igure 26.
. As snown in tigure 28,
{~, Fwd bus 1 and ATt bus 2: 30 to 35.5 VDC (prestart).

i5.EDS MONITOR SETTING: Not availadie,

16. FAILURE EFFECT ANALYSIS: Loss of steering ability would occur because o1 inability to position Lhe rfiuine
gimbal actliators.

17 FLIGHT HISTORY: Kot aveilable.

{8. DISCUSSION:  Auxiiiary pump delivers 1.9 ,pu &' 3550 o 3050 psig es sole source. Auxiliary pump proviérs
temperature control, maintains system readiness and serves as redundant source. Main nydreulic pump is wi.ven

by J2 engine and delivers 7.0 gpm at 3550 to 3050 psig.

19. INFORMATION DEFICIENCY: Information not availadle ‘or itewms B, 9, 12, 15, & 17.
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h

L feo e o FECT ANALYSIS DATA

OVERALL FAILURE MOLE. Loss of Slewr.ng Controi: Feilure of nydrsulic actustors Lo operste, i08s of
electrical power or control. :

2. STAGE: Satum V’8-IVB-501

3. SYSTEM: 31 Hydraulic; b2 Electrical Control; »3 Electrical Distribution.

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR' Until J2 engine second burnout.

5. PAILURE MODE CONSEQUENCE: Losa of flight control due to loss of steering ability.
6. TIME DEPENDENCY OF FAILURE: MFRT = 1 second (hydraulic actuators).

7

OVERALL FAILURE MODE CRITICALITY: 1300

pitcon and yaw gimbaling capabiliy oi the hydraulic actugtors.

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not available,

9. MSC RECOMMENDATION FOR EDS MONITOR: Xot available.

10. MEASURING PARAMETER: Actuator positions.

Il. SENSOR LOCATION: GO001-403

GO00R~103

12 EDS TIME DELAY: Not available.

13. NORMAL PARAMETER OPERATING LEVEL : As shown in tigure 30.

14 MAXIMUM DEVIATICN EZXPECTED DURING NORMAL FLIGHT: As shown in tigure 30.
i
& i5.EDS MONITOR SETTING: HNot availadble.

i6. FAILURE EFFECT ANALYSIS! Loss or ability ‘o s ¢er durirg thrust pnases would occur due to loss of the

17 FLIGHT HISTORY: As shown 1n :{-ure 30,
18. DISCUSSION: Sunrested additional parameters: uidance signals.
I8, INFORIIATION DoPCIERIY!  Information not available tor items 8, 9, 12, 1k, & 15.
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119 | FAILURE EFFECT ANALYSIS DATA

b QVERALL FAILURE MODZ:  losz of Attilude Comtrol: Due to fsilure of suzilispy propulsion system {APS). to
thrust, APS engine burathrough, loss of electrics) power or contiol aignels.

2. STAGET  guturn ¥/S-I¥R-H0L

3. SYSTEM:  32.0) Auntliary Propulsion 3; 32.02 Auxiliary Propulsion 2; 43,00 Flectzical Power; 42 Elvetriesl
Gontzol; 43 Electricel Dlstribution.

4 PERIOD DURING WHICH FAILURE 20DE #AY OCCUR: Until stege separstion from paylozd while in trenafew orbic.

5 FAILURE MODE COMSEQUENCE: Ioss of flight contyol due to loss of venicle sttitude comtrol capability,

& TIKE DEPENDENCY OF FAILURE: HFRT = 1 second ( APS).

7 OVERALL FAILURE MODE CRITICALITY: 2800

8. MSFC RECOMMENDATION FOR £DS OMITOR: ot eyedluble,

& WMSC RECOMMEMNDATION FOR EDS MOWITOR: IHot avellable.

10. MEASURING PARAMETER: (1) Pitch, yavw, and roll attitude end rate.
{2) Fud. 1 and Atr ] load.
(3) APS engine pressures.

. SENSOR LOCATION: (2) MoO1k-bok {3} DoRT-hib BO03-b15
¥0016-411 pooR8.41L $0032-415
HO0L9-h1], B0029-b1k 022041k
HOCR21.h0k £0030-k15 00221415

i2. €08 TiME DELAY: pot swedluble.

i3 NORMAL PARAMETER OPERATING LEVEL: As ghovn in figure 31 lov paremsters (1), &2 shown in tiguree 32
thru 36 for parameters {2).

14, MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGRT: (1) Ac shown in tiguses 38 thrw 36 tor perzmetess (1),
Hex roll secel devigtion = ¢ 1.5 des/aeca. {2) 30 to 35.5 VO (prestart). {(3) 79 to 185 peis (wedline).

15.£08 BOMITOR BETYVING Yo aveslable,

18, FAILURE EFPECT ANALVEIS: Petlurr of uie APS aysisw will prevent the vehlele iron smainteining & Tined
stritude in any coowdinate during epest and coptein Isllurcs will causs losz of roll sentrol dusring thrust
phagea.

% PLIGHT SIBTORY &z ghoun in tiguses B0 them %0,

18, DIBCUBSIONT  aze 15 dinabled untill.) cooonds befess 62 eaiee HLETh. ot uhieh time rald mméaa& asinye
32,0082 saf o8% aad 32.CHeR% and o83 sew wnabled, Dupinn conat phates 2l) sazbnes o5s Lpeblad.

1. INFORMATION DEFIBIEBEV!  puroruprion not svaldadle jop ttews 8, ¥, 18, & 35,
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FAILURE EFFECT ANALYSIS DATA

1 OVERALL FAILURE MODE: APS Propellant Depletion: Due to hypergolic propellant leekage, spurious ele¢tricsl
: siznely to APS, failure to ghutoff propellent flow, excessive control requirement imposed by J2 engine and
venting perturbstions.

;2 BTAGE: Saturn V/S-IVB-501

ot

. SYSTEM: 26 Tnrust; 32.01 Auxilisry Propulsion 1; 32.00 Auxiliary Propulsion 2; 42 Electricel Control.

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR: From J2 ignition to stage separstion from paylosd.

8 FAILURE MODE COMSEQUENCE:  Ioss of flight control due to loss of vehicle attitude control capability.

& TIME DEPENDENCY OF FAILURE: MFRT = 1 second (APS),

7 OVERALL FAILURE MODE CRITICALITY: 280

8. MSFC RECOMMENDATION FOR EDS MONITOR:  Not available.

9. MSC RECOMMENDATION FOR ED8 MOWITOR: ot ewailable.

10, MEASURING PARAMETER: ;l; Hypergolic fusl guaatdty.
2) HRypergolic oxidizer quantity.
(3) A¥8 helium quantity.

H. SENSOR LOCATION:  KNone.

12, ED8 TIME DELAY: Hot evailable.

135, NORMAL PARAMETER OPERATING LEVEL: 1; ané {2) sz shown ia figure 37.
3) as shown in Pigure 38.

149, MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT:  Not svailable,

16.ED08 MONITOR BETTING:  Hot available.

18. FAILURE EFFECT ANALYSIS: Depletion of propellants and subsequent APS shutdown will prevent the vehiels
from maintaining & programmwed attitufie in sny of the thxee vehiele scordinates,

17 PLIGHT HISTORY:  As shown in figures 37 apd 38.

18. DISCUBSION!  mrougatve roll céntml renuirenents imposad on the APS during JR unglne operstion may oauss
depletion of propellante vefors the end of the mission,

12, INFORMATION DEFICIENCY!  Informstion not availeble for iteme 8, 9, 12, b, & 1S5,

b4, . '
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21 FAILURE EEFECT ANALYSIS DATA

I OVERALL FMLURE BODE'  (onn of Lower Stage Flight Control: Erropeous gyro or accelevcmeber outputs to lover
stage, loza of control by Instrument Unit, losp of electricel power or control ajznals,

»

STAGE: gatura ¥/S-1¥B-501

3. grsTEM: 41,01 Electrical Power; L2 Electrical Control; 43 Electrical Distribution; bbh lover Stage ¥light Congrol.

4 FERIOD DURING WHICH FAILURE MODE MAY OCCUR!  pryor to the end of S-IX stage bwrn,

5. FAILURE MODE CONSEQUENCE:

logs of fiight control due to improper trajectory.

6. TIME DEPENDEMNCY OF FAILURE! po¢ gvailable.

7 OVERALL FAILURE MODE CRITICALITY: 260

& HMSFC RECOMMENDATION FOR £DS MOHITOR: ot availsble.

9. MSC RECOMMENDATION FOR £DS “OWITOR:

#iot avellable,

10. MEASURING PARAMETER: Ag determined by analyses of lover sghages,

it SENSOR LOCATION: gone,

2. E0S TIME DELAY:  poe avotiable.

13 NORMAL PARAMETER OPERATIMG LEVEL: Hot availsble.

18, MAXIMUSS DEVIATION EXPECTED DURING HORMAL FLIGHT: FRate and acceleration duvlationsz ag shouwn in Tigures 3h
thru 36.

15.EDS MOMITOR SETTING: nop svailable.

16. FAILURE EFFECT AMALYSIS! pepree of loss of flight control will dopend on exbent of loss of lower age
control, hovever erroneous vaite or ascceleration could result in incorrset dmmplng of thrust or abbituds
excuralons.

% FLIGHT MIBTORYI L. ooce s otoume 31

18 w Erroneous rate or eceeleration signnle wil) eause imsufficlent doweing of the Plight condrel)
system and will pemult in posedble lows of the etege (cwproximetely 1CGY veobsbility}. Pieh & yow rebe swd
riteh & yaw acosleretion sirnele sve sunplisd durin: 8«30 and S-I¥ bura phuses.

12 INFORMATION DEFIITHOY iaforaztion not availeble for itemz 8, 9, 22, 13, & 15,

[xY,



1.22 FAILURE EFFECT ANALYSIS DATA

I GVERALL FAILURE MODE: Premature Separation: Due to premature operation of severance EBW firing units.

-

n

2. STAGE' Sqturn V/3-1VB-501

SN,

3. SYSTEM: €3 3everance.

4 PERIOD DURING WHICH FAILURE MODE #AY OCCUR:
firing of them.

From charging of the severance EBW firing units to programmed

5. FAILURE MODE CONSEQUENCE: 10as of flight control due to improper trajectory.

6. TIME DEPENDENCY OF FAILURE: MFR? = 1 second (severance EBVY units).

7 OVERALL FAILURE MODE CRITICALITY: 2

8. MSFC RECOMMENDATION FOR EDS MONITOR: Not available.

9. MSC_RECOMMENDATION FOR EDS MOMITOR: oo aoiiovae,

10. MEASURING PARAMETER:

(1) Angle of attack.
{2} EBW firing units operation.

11, SENSOR LOCATICN:
e None .

2. EDS TIME DELAY: ot avaglable.

13. NORMAL PARAMETER OPERATING LEVEL :
501.3 seconds after liftoff.

{1) As shown in figure 39, (2) Programmed severance occurs st about

14. MAXIMUM _DEVIATION EXPECTED DURING NORMAL FLIGHT: yo0 o0 0o

15.EDS_MONITOR BETTING: ' yoy available,

16. FAILURE EFFECT ANALYSIS:  geverance prior to 3-II burnout would lesve the vehicle incapable . witnstaniing
any bending moments at the S-II/S-IVB separation place. .

" ELIGKT WISTORY: (1) 1y shown 1n ragure 39-

‘B'W: This fallure can occur only during the 313 seconds betwesr vharglng of the firding nits anpd
programned Firdag o1 them, A& spurious signnl from the 3«15 stage during this time will causs severance of
the tensien tie betwoen the stages,

19, INFORMATION DEFICIENCY: Information nct available ©'r ‘te-s %, 1 0, 14, & '8,

0 -- -

68



RELATIVE ANGLE OF ATTACK « T (DEG)

110

100 | ——o ‘ %

%
80 .
3065 < T < 314.8
FOR T> 12K SEC
603
40

4
806 1L2K 14K 118K

FLIGHT TIME (SEC)

18K

e

12.26]

Figure 39, Yebicle Re'tive Angle of Allack History

&9



1.23 FAILURE EFFECT ANALYSIS DATA

. OVERALL FAILURE MODE: Failure to Separate: Due to premature operation of retro rockets,

2 STAGE: s3aturn V/3-IVB-501

3. SYSTEM: 42 plectrical Control; 62 Lover Stage Reverse Thruat.

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR:
programred firing of them,

From charging of the retro rocket EBW firing unite to

6. FAILURE MODE CONSEQUENCE: 1Loass of flight control due to ﬁproper trajectory.

| 6. TIME DEPENDENCY OF FAILURE:! MFRT = 3 seconds (retro rocket EBW firing ualts),

7 OVERALL FAILURE MODE CRITICALITY: b

8. M§FC RECOMMENDATION FOR EDS MONITOR: Not available,

9. MSC RECOMMENDATION FOR EDS MOMITOR® noy available.

10. MEASURING PARAMETER: (1) Extensiometer mensurement.
(2) EBW firing units overation.

1. SENSOR LOCATION: (1) NOOOY-LOk
NOO10-404
NOOUS - O
NOOLG -4 0L

12. EDS TIME DELAY: Not available.

13. NORMAL PARAMETER OPERATING LEVEL: (1} 0 tc 12 inches and O to 340 inches. (2) Programmed reverse thrust
orcurs at about 01,1 scconds after 1iftolf, .

14, MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: . 0 ...

15.EDS MONITOR SETTING: nov avatlable.

16. FAILURE EFFECT ANALYSIS: prapagure thrusting of the retro rockets wouli iesv.. She stuges ircapiols of
separating to a safe distance before J2 engine lgnivi>c, -ngine srarr wouli ve .atastrophie |

1T FLIGHT HISTORY: Programmed separation occurs &t 501.3 seconds after liftoff.

‘G'W' This faillure can occur only during thy 12 arcandg «ter charglng 440 befoen sropepmed firing of
the EBW firing units. A spurious signal during this time will ~suse firing of the vetrc ro~acts,  Retro yocket
firing, when ipnitiated, continues for 1.5 seconds. :

19. INFORMATION DEFICIENCY! Inf rmation act avatdaide €3r trews ¢, ~, 12, 1h, & 15.
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EOT ANALYSIS DATA

t. OVERALL FAILURE MODS: Ise: of Engine Lugof? Scgusneingi Due to lose of elecirical power, loss of engine
cutofi eontrel.

2. STAGE: Szbuen ¥/8-T¥R.s0l

3. SVSTEM: 26 Taruvsti 41 Rlectrical Power; 42 Elsetvricsl Controls b3 Electricsl Distribution.

4 PERIOD CURING WHICH FAILURE MODE MAY OCCUR: A% sither programmed cutoff of J2 zngine.

5 FAILURE MODE COMSEQUENCE: Jfoss of flighi control dus %o improper Lrajeetory.

6. TIME DEPEMDENCY OF FAILURE: KPRD - } second {babtery).

7 OVERALL FAILURE MOCDE CRITICALITY: gho

8 MSFC RECOMMEMDATION FOR EDS #ONMITOR: Hot avsilable.

9. MSC RECOMMENDATION FOR EDS MONTOR' ot swailabia.

10. MEASURING PARAMETER! rorvard batoery 1 losd.

1. SEMSOR LOCATION: 0019 -h1) '

12. EDS TIME DELAY: FWob evelleble.

15 NORMAL PARAMETER OPERATING LEVEL: As showa in figwrs 26,

14 MANIMUN DEVIATION EXPECTED DURING NORMAL FLIGHT: 30 %0 33.3 vée {prasturt).

15, E0S MOHITOR SETTING: ot evailabla,

18, FAILURE EFFECT ARALYSIS:

Toasbility to shub the J2 gngine off wonld rasudh in bPhe webichs belng plecsd 4n e
orbit other then progroummad.

IT. FLIGHT HISTORY: Az shown in Pigure 26,

18, DISCUSSION: ngine £ipst ¢1.0ff occure at 6738 sswsels efor L4FLOTT. Gzcond owboff ogsurs b 3A508,%
u00nds after Lifuerf.

18 IFORMATION DEFICIENOYY  vor | uepisn nob aveilable for dheme 8, 9, 32, & 15.
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‘ © ANALYSIS DATA

©PRAL: FAILURE MODE: Degraded Engine Portormsnce: Loss of engine clectrical bus power, teilure of propellant
Vits- ton (PUY probas, loss of PU power, spurivwe control signal.

SIAGE  sminmm V 5-IVB-501

SYSTEM: 20 Thrust: 41.01 Primary Electrical Power; 41.02 Secondary Electricel Power; 42 Llectricel Control:
.¥ s loevrical Distribution; 46 Propellant Utilization.

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR: pu.4n. S.TVB J2 engine burm.

5 FAILURE MODE CONSEQUENCE® Improper trajectory.

& TiME DEPENDENCY OF FAILURE: Not available,

7 OVERALL FAILURE MODE CRITICALITY: 5900 ’ .

A MSFC R'ECDMMENDATION FOR EDS MONITOR: 1ot available.

9 MSC RECOMMENDATION FOR EDS MONITOR:! Not available,

10. MEASURING PARAMETER: (1) Engine control bus voltage.
(2) PU velve control voltage.
23) PU inverter-converter voltase,
a) PU valve position,
(5) Forward battery 2 losd.

1. SENSOR LOCATION: () g MOOOA-hOL (%) Van010-401
I {2) MOOG0-b11
{3) W™Ooo01-L11

12 EDS TIME DELAY: ot availeble,

3. NORMAL PARAMETER OPERATING LEVEL: (3) 15 £ 3.45 ¥ gL 400 ¢ -+ cpe
5.0 2 0.5 VIC

210 (0 1°3) vie

{5) Gee 1igure B0

14 MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT: (3) Sec atove,

18, EDS MONITOR BETTING! Not svailable,

16. FAILURE EFFECT ANALYSIS: The venicle would tall to achieve the propir orhit hecsuse ol deor ased Lotal
impulse.

17 FLIGHT MISTORY: During J2 engine fiyat burn, 10X ‘tH, enmine mixrurs vavfo MMB = L0 ), Durins ateond ropns
el 2
MR = 5.0:1 for tirst 5,5 seconds; b.S:1 ror next In3.2 seconds; snd ;.0:1 topr Jea ix .. aeonds, Sae fipurs b0, ¢

18. ISCUSSION:  PU electronies contiols serving of ¢npine mixture re'do velve Lo wapy spor 6,411 te .01, 7o ke
Sty
BMR = 5,01), tetal rhrusy i3 200 b &nd fg @ BBs. A0 BB PHN 2 %, bl, atsl thruet ds 175K I and T - w3,

19. INFORMATION DEFICIENCY: Intormetion no! swailible tor f.ems B, 4, 12, & 1.,

=1
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1125 FBILURE DETA

OvERALL FAILURE 1MODE: Ignition Prior to Staging: Due to premsturc energlzing of J2 engine stary control.

SYAGE:  gaturn ¥/3-IVB-501

3. SYSVEM: 26 Thrusts

4 PERIOD DURING WHICH FAILURE MODE MAY OCCUR'  prigr to programmed J2 engine first igmition.

5 FAILURE WODE CONSEQUENCE: Vehicle breakup due to structural damage.

6 TIME DEPENDENCY OF FAILURE: HMFRT = 1 second (sequencer, aft eable}.

7. OVERALL FAILURE MODE CRITICALITY: 13

8. MSFC RECOMMENMDATION FOR EDS MONITOR: Not availsble.

9. MSC_RECOMMENDATION FOR EDS MOMITOR: g0 .o .00

10. MEASURING PARAMETER: (1) 9nrust cnember spark system on/off,
(2) Engine start on/off.
{(3) Extensiometer measurement,

M. SENSOR LOCATION: (1) VKOC10-401 (3) NO009-40k
{2) VKDO21-LOh NOO10-40k

NOOUS -4 Oly

NOOUE -0l

2. EDS TIME DELAY: Not availabie.

3. NORMAL PARAMETER OPERATING LEVEL: (1) (2) Bi-tevel signals.
{3) © to 12 inches und O %o 340 inches.

4. MAXIMUM DEVIATION EXPECTED DURING MORMAL FLIGHT: Not available.

15.EDS MONITOR SETTING: you aveilable,

16. FAILURE EFFECT ANALYSIS: Ignition before staging vould confine engine combuwstion producks,

17 FLIGHT HISTORY! programmad compleied ssparation oceurs at 50L.h seconds after 1iftoff. Programmed eunging
gtert oceura at 502.8 seconds. :

18. 9'5?353‘°“‘ Information on J2 e ine comvonents contrihuting o this oversll failure mnde 1t nregenbed 4w

J2 Enrine Pailure Effeect Analysis, Bookatdyns fenort HeX "N.17,

19. INFORMATION DEFICIENCY:  Informatior rci mvailshie “-- ltems R, o, 1h, & 15.

14,



1.27 FAILURE EFFECT ANALYSIS DATA

I, OVERALL FAILURE 300%: pire: Due to motor or engine bursting or burnthrough, hypergolic propellant leaxage.

2. STAGE: ggturn V/3-IVB-S01

3 W’ 25 Ullage Poasltioning; 26 Thrust; 32 Auxiliery Propulsion; 62 Lower Stage Reveras Tarust.

4 PERICD CURING WHICH FAILURE MODE MAY OCCUR: A1l flight phases.

S FAILURE MODE COMSEQUENCE! Yehicle breakup due $0 structural damage.

6 TIME DEPENDENCY OF FAILURE: M@RT = 1 second (APS snginea, ullage rocketa). -
3 ssconds {retro rockets).

7 OVERALL FAILURE MODE CRITICALITY: 870

8. MSFC RECOMMENDATION FOR EDS MOMITOR'  gor avatlable.

9. MSC RECOMMENDATION FOR EDS MOMITOR: wHot available,

10, MEASURING PARAMETER: {1) APS engine chamber preesure.
{2} Ullage rocket chamber pressure.
{3} Retro rocket chamber pressure.

. SENSOR LOCATION: (1) D0027-41b (1) DOO31-415 (3) 100153423
———— po028-4 1k DC032-k15 . DOShh2)
DO029-ls 1l (2) 1p0216-428 D0155-h20

DO030-415 DO317-429 D0156-422

12. EDS TIME DELAY: Hot available,

IS. NORMAL PARAMETER OPERATIMG LEVEL:  poe available. -

14, MAXIMUM DEVIATION EXPECTED DURING NOAMAL FLIGHT: Wot aveilable.

l5. EDS %QNITQR QE??IMQ‘ ot available,

6. FAILURE EFFECT ANALYSIS:

Fire damsge due to sscaping hob groes or ignitiocn of lesking propelients.

{7 FLIGHT RISTORY: ot avellable.

19. DISCUBBION!  pipy due to vrongllant leskers 18 concidered & problea primavily whils the vebiale 48 8ddl)
within shy stmezphers,

18, INFORMATION DIMCIENGY? " rommtion nok evellsbls for items B, 9, 12, 13, k. 13, & AT,




7 BRI URE
.20 FBILURE

OVERALL FANLURE MODE'  Explosion: Due to buriting or burathrough of rocked motors or engines, propellant
.eakage, open LKE fill and draln velva, lozs of pesusstic control,

2 S1AGE!  geturn V/S-IVB-501

3. SYSTEM:  21.01 IHp Fi1l and Drain; 23.01 IM, Feed and Chilldown; 24 Pueumitic Control; 25 Ullage Positioning;
: 26 Thrust; 32 Auxiliary Propulsion; 62 Iouer‘smge Reverre Taruag.

4 PERICD DURING WHICH FAILURE MODE #A¥ OCCUR' a1y £130nc phases.

5 FAILURE MODE CONSEQUENGE!  yepicle breakup due to structural damapge.

6. TIME DEPENDENCY OF FAILURE! MyEw » 1 secvond (APS sngines, ullege motors).
3 seconds {re¢tro rockets).

7 OVERALL FA{LURE WMODE CRITICALITY: 850

& MSFC RECOMMENDATION FOR EDS MONITOR! Not available.
9. MS5C RECOMMENDATION FOR EDS WMONITOR: Not available.
10. MEASURING PARAMETER!: (1) 18, £il1 and drain valve open/closed.

(2) Chamber pressure.

1. SENSOR LOCATION: (1) K0019-h03

(2) Seme as for OFM 28: Fire

12.EDS TIME DELAY: gt ausiisbie.

3. NORMAL PARAMETER OPERATING LEVEL: wo¢ avatlable.

14. MAXIMUM DEVIATION EXPECTED DURING NORMAL FLIGHT! yov available,

16.EDS MONITOR SETTING: oo ovattable.

18, FAILURE EFFECT ANALYSIS:

Explosion due to rupbury of rocket motors or leakage of explosive propellents.

7 FLIGHT MISTORY: Rot available.

instability,

18. DISCUSSION:  Detection of immingnt explosion mirht be accomnlished by senmsors to monitor gnrines for cambuséion

i9. INFORMATION DEFICIENCY: Information not evailable f~r i{tems 8, 9, 12, 13, 14, 15, & 17.
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1.29

?&%Li}ﬁg EFFECT ANALYSIS DATA

f. OVERALL FAILURE MODE: 1

h Damage: Due to improper discomnection of umbilical comnectors.,

2 SYVAGE: Saturn V/S-1VB-50}

3. SYSTEM: 43 Electricel Distribution.

4 PERIOD CURING WHICH FAILU

RE MODE MY OCCUR'  ar yirtofe.

5. FAILURE HODE GOMSEQUENCE: VYehicle breakup due to gtructural damage.

6. TIME DEPENDENCY OF FAILURE: MFRY » 1 sscond {umbilical connaectors).

ITICALITY: 6

7 OYERALL FAILURE MODE CR

i

8. MSFC_RECOMMENDATION FOR EDS MOMITOR:  wot available.

9. HISC RECOMMEMNDATION FOR EDS MOMITOR: 1ot available.

0. MEASURING PARAMETER:

Hone.

1. SENSOR LOCATION: gona.

12. EDS TIME DELAY: ot

available,

13. HORMAL PARAMETER OPERATING LEVEL:  pone,

4 MAXIMUM DEVIATION ZXPECTED DURING MORMAL FLIGHT:  pope,

12, E03 MOMITOR BEVTING 4,

ot available,

18. FAILURE EFFECT ANALYSIS:

Improper disconnection of wwbilicals may teer oub portions of the siege intoraal

esahling causing severe gtructural damege.

I FLIGHT RISTORY: o

18.DISGUBSION!  yyp01 fdentitication oF farsoser diseonnect way be resetble.

12 INFORMATION DEFIGIENDY

Znfor ation not available for 1tsms 8, 9, 12, & 15,




&

AT, ' .

aagine Swbopeep disintegraiiod;™,
of pasvasbic sonkrel. -

i OVERALL FAILURE MOUE:  Englne Prechup: Dos o closed LH,
leakage or burntiwough of goe geverators, spurices 12, ag‘.

Saturn ¥/8-IVB-501

i SYSYEE: 23.00 LH, Feed and Chilldowa; 2k Paoumsbic Controd 26 Sarust; 42 Tlectricsl Conmtrol.

4 PERICD DURING WHIGH FAILURE MODE BAY CCCUR' puring 52 engine busm,

5 FAILURE MODE COMEEOULNMOE!

¥Yehicle breskup due to structural damage.

& TIME DEPEHDENCY OF FAILURE! yrpr o 1 acoond (I, shutoft valves).

7 OVERALL PAILURE MODE CRITICALITY: 10

B 48FC_RECOMMENDATION FOR EDS MOMITOR! ot availeble,

2. MBC RECOMMENDATION FOR D8 MORITOR! ot available.

10, MEASURING PARAMETER! Engine turbopump speed.

U, SENSOR LOCATION ) Y0001 -401 {2) TOSCR-hOL
TO002-402 T0O503-40L

2. ED8 TiME b&hﬁ?; Hot availeble.

15 HORMAL PARAMETER OPERATING LEVEL! wou aveilable,

19, MAXINUM _DEVIATION EXPEGTED BURING HORMAL FLIGHT: (2) i pump outoff max: 26,400 spm
10X pump cutoff max; 9600 rpm

{8.£08 MOMITOR SETTING! 1oy avetlsble,

16, FAILURE EFFEOT ANALYBIBL  cavication of the LK, turbopump or escaping hot geses would causs the 52 sagloe
to breai up.

17 FLIGNT HIBTORT Hot available,

18, DIZELEAI0N Abnormal hoise and vioratin, mipnt rrecede the hreakun dug to num> eavitation. Enrine thrust
asclllations might alzo be orecent “ricy ¢ hwras. Vibratlon and rrescure densors sorded L erigienl ~o ' yions
on the ~wumyz and thruet shemver may sllow scticinetioy oy thir overall feflare modae.

15, FCRISATION DEFICIENCYY  yoarormation not svallente for fiems &, 9, 1%

13, 15, Y.
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SECTION Il s
SINGLE THREAD FAILURE DIAGRAM (STD)
CAUSE/EFFECT ANALYSIS
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.1
HATH MODEL ITEM FAILURE PHASE CRITICALITY § OVERALL FAILURE KODE
HUMBER TYPE NUMBER (CRITICAL EFFECT)
41.01-01 FWD BATTERY NO. | HO POWER CO/D EF/F o
201 SWITCH SELECTOR HOT REQUieD e CD/D COEF/F bt
201 SWITCH SELECTOR MO OUTPUT —iel [ CO/D COEF/F =il
52-01 SWITCH SELECTOR L CHANRELS e D B emil
2-0.25.11 SEQUENCER NO OUTPUT - e o
42-022512 SEQUEHCER ?.ﬁlpé’ggﬁfyfs"n n & —
42-02.25.12 SEQUEHCER NO OUTPUT e c/o et
2024301 | SEQUENCER NO OUTPUT e CO/D COEF/F omerims
2-034200 | FHD PWR DIST NO OUTPUT e /D EF
£2-024210 | FWD PWR DIST e el RANSFER TO EXTERNAL pee  CO/D EF/F ]
V-HRW |28V AFT PURDIST NO OUTPUT e B el b :oo:z?g”mme
P D ——— HO QUTPUT e COD EFF e
@0 D |8V AFT PR DIST RANSFER TO EXTERNAL e CD/D EF/F  wemninl
RO B0 |2 AFT PRRDIST e 10 OUTPUT bes CO/D COEF/F -]
6 |Fuo inTERsTAGE Conn W»*lﬂpnopea.é&;;éri&"}- COD COEF/F e
ol | TumeL caee ‘——m{wﬁ CONNECTION vi;-a CD/D COEF/F worre
43-04 . FY0 CABLE ’ -MMPROPER CONBECTION r-- CO/0 CDEF/F ....L‘l‘
43-08 AFT CABLE IMPROPER cmmscnm:1 r- CO/D COEF/F = &
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JEFFECT ANALYSIS

5.8 i CAUSE
HATH HODEL e T aiLuRE pyase | CRITICALITY | OVERALL FAILURE HODE
WUMBER iYPE HUMBER (CRITICAL EFFECT)
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o (B TS oo cur
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

R HODEL TEH FAILURE pase ] CRITICALITY | OVERALL FAILURE HODE
NUNBLR TYPE NUNBER (CRITICAL EFFECT)
ekl ’ FAILURE TOOPEN  feo  EF cseniy
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12-04.4303 | 28v AFT PwR DIST gg;;‘gﬁ;;fﬁﬂo Tl oD COEF el
2-052310 | 56v AFT PUR DIST gg}”;’é‘ﬁ?@p b DE/F st
42-052311 | 56V AFT PR DIST RO OUTPUT v €/D EDE/F woon]
2652012 | S6V AFT PR DIST HO OUTPUT © e /D CDE/F el
@-052321 | %V AFT PUR DIST 33}2”5{,5{&2’; e DEF i
Q-EA2 | 56V AFT PHR DIST #0 OUTPUT e C/D COE/F st
©2-054240 | 56V AFT PWR DIST PREMATURE TRANSFER s  C/D E/F  onmid
P
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3.2

WATH MODEL S FAILURE evsse | CRITICALITY | OVERALL FAILURE HODE
T R TYPE HUMBER (CRITICAL EFFECT)
42-05.43.04 66V AFT PWR DIST HO GUTPUT wawe /0 QDE/F  wevenoeny
#3053 FWD INTERSTAGE CONN = JAPROPER CORRECTION foe e/ COEF  comeess
£3-07 TUNNEL CABLE {PROPER CONRECTION C/0 CDEF 5 2.L0SS OF LHQICHILLDWN
43~08 F¥D CABLE [MPROPER CORKECTION C/D COEMF  cosonumet
43-09 AFT CABLE {AFROPER CONBECTION Fone  §/D COE/F ool
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

MATH MODEL ITEM FAILURE PHASE CRITICALITY OVERALL FAILURE MODE
NUMBER TYPE NUMBER {CRITICAL EFFECT)
202-0001 | CIRCULATION PUNP FAILURE T0 START (7
202-0001 | CIRCULATION PUNP FAILURE TODELIVER = /D COE/F  wii
23.02-0102 | PUMP SEALS LEAK OF LOXSEAL == C/D CDE/F et
23.07-02 CHILL SHUTOFF VALVE FAILURE TOOPEN b E/F  coeeed
N0-0 CHILL SHUTOFF VALVE A oo b C/D COE/F e
28.0-0 CHILL SYS STRAINER CLOGGED e D CEF ]
B.0-05 'S*SJT;‘;';KV ALVE FAILURE TOCLOSE == E/F -
Bo-15 SAUTOFF VALVE REMAIN CLOSED [ COb CEF -
23.02-05 S oA ALVE INTERNAL LEAKAGE  |= C/D CE/F  =min
23.02-07 CHILL CHECK VALVE b ol FAILURE TO OPEN huecs E/F .1
23.02-08 CHILL CHECK VALVE FALURE TOOPEN b= E/F 3} d3.LOSS OF LOX CHILLDOWH
7302-08 CHILL CHECK VALVE FALURETOCLOSE | DEF et
23.02-08 CHILL CHECK VALVE LEAKAGE e DEF e
%-01 He CONTROL DISC gxhs‘étggfcreomopmv e CD CF  men
240202 PNEU CONT DUMP VALVE =" ;2‘,}52‘6{2550 C/D COE/F  wmm
n-02mn PNEU CONT DUMP VALVE LEAKAGE e C/D CDE/F oo
%-02.03 PEU CONT RELIEF VALVE S?Lﬁ‘{ﬁ%fgsm —  CoE/F —L
#-02.03 PNEU CONT RELIEF VALVE LEAKAGE COEF o
2-04 STORRGE TAMK LEAKAGE e /D CDEFF e
2-05.01 PNEU CONT He FILTER CLOGGED e /D CDE/F o
24-05.02 A ATOR INADEQUATE PRESSURE = /0 COE/F =t
-5 g&#ﬂ%ﬁ‘n\;ﬂxwe AN Dbt — ©/D Coer —
§H-05.04 e LEAKAGE e C/D COE/F  smeenend
w06 PNEY CONT SURGE TANK LEAKAGE e C/D CDE/F s
24-00.02 ?ggfgf‘;"\‘ﬁm FAILURE TOCLOSE  fee  E/F —
wonor | O e e I ol
2-0a.02 g e T -
H-110 et LEAKAGE e /D COE/F --:-
w102 i S LEAKAGE b /D COE/F
u-1201 PADY VALVE LEAKAGE - C/D COEF ol
24-12.02 I OT ALV LEAKAGE e C/D CDE/F e
2#-13.01 T ALV FAILURE TOCLUSE oo E/F oo
130 P PALVE REWAIN €L 05€D == C/D COE/F ""'i
-
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A CAUSE /EFFECT ANALYSIS

MATH HODEL ITEK FF}’!LURE PHASE CRITICALITY § QVERALL FAILURE HODE
HUMBER I}'PE HUMBER (CRITICAL EFFECT)
21301 o LEAKAGE o /D CDE/F  eoveni
u-130 T LEANAGE e C/D CDE/F oo
2-1302 i’;’f{;’f\f;&e FALURE YOOPER oo EF ool
R A
H-14.01 T LEAKAGE e C/D COE/F  anucen
21402 ﬁ;“fo‘!rcv‘f‘&g LEAKAGE wo T/ COE/F 3
25-1501 ’ff‘LEOUT‘;‘;“&E LEAKAGE we /D CDE/F  awess
24-15.02 e LEAKAGE v C/D CDESF et
24-16.01 v LEAAGE e OB CDEF rom
24-16.02 ‘;:‘fgfcfm,e LEAKAGE s O/ GDE/E  wmvecs)
u-17 PNEU CORT He PIPIG LEAKAGE i O/D CDESF  ewenid
-1 PHEW CaHT HED QurPuT wiEr o C/D CDE/F  cresibeerd .1.058 OF LOX CHILLDOYN
26-01 12 ENGHE Ko FLOW e C/D CDE/E < V
e FYD BATTERY N0, } HO POVER e C/D EF/F e
41.01-03 AFT BATTERY HD. 1 NO POWER o O/ EF
41,010 AFT BATTERY HO. 2 H0 POYER o G/ COES s
41.02-03 CHILLDOWY INVERTER IRCORRECT OUTPUT  bow  O/D COE/F  aniin
2-01 SUITCH SELECTOR g%?;’g;&*ﬁ‘o o C/D COE/F sl
2-01 SWITCH SELECTOR oL e e, [ /0 COEFF sl
42-01 SWITCH SELECTOR 233‘5{:‘;‘2{“ Lwe OB EF oo
202301 | SEQUENCER NO OUTPUT C/D CEF  wwrtss
Q-2307 | SEQUEHCER gg?’#&ﬁf‘;& aa C/D COE/F evecccd
42-02.2605 | SEQUENCER %‘(‘;”g&;&*ﬁo o GO ESF s
2-024300 | SEQUEKCER HO OUTPUT e O/ CDE/E e
§2-034201 | FuD PUR DIST eoosind 4O OUTPUT wwn O/D B i
42-03.42.10 FYD PYR DIST “TRANSFER TO EXTERMALp=e  C/D E/F e
| et | VAR R 0T %%Tr"ggq?fﬂﬁ?o wo  COE/F el
42-04 42.02 28Y AFT PR DIST MO OUTPUT e G/B EFF el
02-004230 | 28V AFT PUR DIST TRANSFER T EXTERMALI G0 EF/F  smsed
£2-04.43 03 %Y 4F1 PR DT 10 OUTPUT o C/D CDE/F  eumnoin
@-05232 | sgv AT PUR DIST HO OUTPUT s O/D CDE/F  womies
@-05240 | S6Y AFT PUR DIST PREMATURE TRAHSFER fusw  ©/0 E/F oo
Q205430 | 56V AFT PYR DIST NO QUTPUT e O/ CBE/F ot
305 FUD ITERSTAGE COt IMPROPER CONKECTION b G/D COE/F wwams
. . A
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

'a&;:;TH MODEL ITEM FAILURE PHASE CRITICALITY OVERALL FAILURE MODE
NUMBER TYPE NUMBER (CRITICAL EFFECT)
: 5
3-07 TUNNEL CABLE Immpﬁn CONNECTION [ C/D CDE/F  wavemy
H 7
43-08 FUD CABLE IMPROPER CONNECTION jes= C/D COE/F. 3.0.055 OF LOX CHILLDOWN
030 AFT CABLE 4IMPROPER CONNECTION [ C/D COE/F e
\\
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4.4 A CAUSE /EFFECT ANALYSIS
WATHROOEL | ypw £ FAILURE puse | CRITICALITY § OVERALL FAILURE HODE
HUMBER TYPE HUNBER (CRITICAL EFFECT)

2-05.0¢ PILO] ALVE REVAIN SLO%ED e G0 CORF/F

2-08.02 {’i};“;ﬁ“{,’;ﬁl};‘“ FAILURE TOOPER  po= EF e

I Ny Rl ove o e

A S

%D PHEU SONT PuitP HO OUTPUT - B e

2-01 12 ENGIRE COMPONENT FAILURE J=0  CD/D &/ s

41.01-01 FYD BATTERY KO, | H0 PORER boe  com EF el

41.01-03 AFT BATTERY HO. 1 + HO PONER s C/a & ey

41.02-01 PU INVERTER-CORVERTER gg-rggu/%é""/” VOC  Lx 0D DEAF e

42-01 SHITCH SELECTOR g‘(’)‘;&g@m&; o EO/D ODEF/F ool

12-01 SWITCH SELECTOR T EL e CO/D COEF/F comb

2-00 SHITCH SELECTOR Ho ouTRUT - o G B andd b e .
@-0.2301  SEQUERCER s G e o OD EF e

12-022601 | SEQUENCER ‘ NOOUTPUT e DD F/F i

2-02.2602 | SEQUENCER %ﬁﬁgﬁ% we O/ EF el

12-022606 | SEQUENCER HO OUTPUT o B o

@2-02.4300 | SEQUENCER Mmsmeraand NQ QUTPUT s CO/D CDEF/F wnoned

wun  |PDPRDST %%:’P;‘ETQTJ?;?D e GD/D CDEF/F s

£2-0342.10 | FWD PYR DIST TRANSFER TO EXTERRALF™  CO/D EFF p—--

42-034602 | F¥D PYR DIST g‘g‘,"ggq‘:‘f“’fé‘u e CD/D COEF/F wmce

§2-042607 | 28v AFT PUR DIST O QUTPUT oo COD P/ i

2-052603 | 28Y AFT PUR DIST §0 OUTPUT s CD/D DEF/F win

42-04.4207 | 28V AFT PYR DIST NO OUTPUT e CD/D EF/F W&i& . ';,
42-04.42.30 26V AFT PER DIST TRANSFER TO EXTERMAL == CO/D EF/F o ot
©2-044303 | 28V AFT PUR DIST X0 OUTPUT s CD/D COEF/F oo :
43-05 - FWD INTERSTAGE COMM {MPROPER CORRECTION yooue CD/D COEF/F s

£3-07 TURREL CABLE BPROPER CORRECTION ke CD/D CDEF/F wowwis]

13-03 F¥D ChBLE PROPER CORRECTION b=~ CO/D TDEF/F sceshie]

8-09 RFT GABLE WPROPER COKHECTION bove CO/D CEF/E ssur

P —— ' ?&:{fé‘f fwsw Tl e w8
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.9
LA IH MODEL ITEM FAILURE PHAS.E CRITICALITY OVERALL FAILURE MODE
HUMBER TYPE NUMBER (CRITICAL EFFECT)
210102 FILL & DRAIN VALVE :é:";\‘:gfczgm C/D COEF/F  ombe
20102 FILL & DRAIN VALVE INTERNAL LEAKAGE  pe /D COEF/F smeminef
70103 FILL & DRAIN BUCT LEAKAGE b C/D COE/F e
zZon-o ;:;cho:r’:gCPTREss 5&2—#(?:GEOPROP — G0 CF ey
200301 | 12 TANK PRESS FALURETOOPEN  fo  D/D F/F s
2010302 e Thon VRESS { FAILURE TOOPEN o D/D seeee
rooe |l e o
72.01~03.03 ;2%5?\%1.8\/2@ ) FAILURE TOOPEN e E/F —
G Er e T O
BT (o, B
(RO PERF PRESSSITCH O—— ﬁ‘éﬁ’e’oﬁﬁfﬁu - oo -2 ]
201-08 b BELIEE VALVE ! ~| REMalh GLOSED - vewT == €O/ DEF/F —f _5' ::?sg:at:ztm
I Ay
zoe e s o o
(RO Ly TANK RELIEF VALVE Egﬂagsm - o oerfF A
U209 | Ly TANK RELIEF VALVE * ~ -~ INTERNAL LEAKAGE j-- COD COEF/F =2
zo-nan {(S:SSTTD\::EFNJALVE T h@m‘gsu j’“ o -4
zo-na | SHTER ALVE ' INTERNAL LEAKAGE o /D —
Z201-1700 | BYPASS REGULATOR j— ;23;‘:3%{355; ‘v J’—-— /b CDE/F ..Jf.
RO-0 | BYPASSREGULATOR | leaace /D COE/F  wimi
I Erarrer S e e R o
ao-r | SYEASRECULATOR 'Mim—-—-i, INTERNAL LEAKAGE = /D CDE/F smmnin
22.01-20 CHILL SYS CHECK VALV; f smememn FAILURE TO oﬁcr L o A=
23.01-06 i FEEDDUCT booumne o LEAKAGE e CD/D COEF/F ]
-1 PNEU cmﬁilim.n:ry{Lvsfmw—- 'Eﬁ%ﬁp . - D COBF/F ]
21401 PNEU CONT PILOT VALVE [=——nd FRILURET0 e C/D COEF/F oo o
%-01 - $2 ENGINE . LEAKAGE o CO/D —-.1
20101 FWD BATTERY NO.1 bommamowmes ! HO POWER e CD/D EF/F  mind
42-01 - SWTCH SELECTOR “_.-ﬂ'-— - ﬁgi‘é’ &’;EE':) « W{m CO/D COEF/F iy
I L e i
201 SWITCH SELECTOR ; e = ¢ | Y -
222211 | SEQUENCER gg?’ﬂ”gqﬁ:*&"u e CD/D — |
©2-02221301 | SEQUENCER ﬁgm’goﬁf’;gg e CO/D DEF/F i ;
42-02.2216.00 | SEQUENCER ggi":ﬁgﬁt‘gg"o on  C/D CDE/F  somind !
pu
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e

¥4 EF?E@’@' ANALYSIS

4.5 .

WATH HODEL wen FRILURE ohssc 1 CRITICALITY | OVERALL FAILURE HODE
HUMBER TYPE f#UMBER (CRITICAL EFFECT)

§2-02.22.16.02 | SEQUENCER 10 OUTPUT -

Q-R2IM | SEQUERCER RoT AL QUi SR J.

204300 | SEQUEKCER 20 OUTPUT e B COEF/F s

2-034200 | FuD PUR DIST #O QUTPUY o G B annd

2-0242.10 | F¥O PUR DIST TRANSFER T0 EXVERGALwe DO/ BE/F i)

42-004200 | 28V AFT PUR DIST HO QUTPUT oo O EFSE o |

21423 | 28 4FT PUR DIST ATRANSFER T0 EXTERRALpr, GO EF/F ) & :«mg&m

2-004303 | 7V AFT PUR DIST HO OUTPUT s CD/D COEF/F wreie

305 £4D INTERSTAGE CONK FPROPER COMRECTION ks GO/ COEF/F mwwoiel

£3-07 TUNHEL CABLE HAPROPER CONNECTION lwswe CO/D COEF/F e

43-09 F¥D CABLE DPROPER CORRECTION lwee CO/D CDEF/F seeeiis

Y | AFT CABLE KIPROPER CORRECTIOR fees CO/D COEF/F cmudied




MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.8
i MATHHODEL §- ITEM FAILURE pHAsE § CRITICALITY | OVERALL FAILURE MODE
i HUMBER TYPE NUMBER ~ (CRITICAL EFFECT)
OUTPUT WHEN 130
: 2200 CDEF/F ‘
22.01-06 HI PERF PRESSURE SWITCH HOT REQUIRED / ncrpes
220118 REPRESS He STORAGE TANK INTERNAL LEAKAGE oo COE/F I
22.01-16.01 REPRESS He FILTER CLOGGED pres E/_F 1
N REPRESS COLD He FAILURE TO COE/F 1
201-16.02 CONTROL VALVE REMAIN CLOSED -
- REPRESS COLD He " 1
22.01-16.02 CONTROL VALVE INTERNAL LEAKAGE COE/F PRl
REPRESS COLD He FAILURE T0 ]
201-1603 | courRot VALVE REMAIN CLOSED = COE/F ey
REPRESS COLD He - 11|
22.10-16.03 CONTROL VALVE INTERNAL LEAKAGE CDE/F  —
- e CONTROL FAILURE T0 L
201-16.04 RELIEF VALVE REMAIN CLOSED - COEF e
N He CONTROL COE/F i
22.01-16 04 RELIEF VALVE INTERNAL LEAKAGE oo cnems
FAILURE TO COE/F !
2201-1605  {COLD He CONTROL VALVE REMAIN CLOSED o q -
22.01-16.05 COLD He CONTROL VALVE INTERNAL LEAKAGE == COEFF et
2 6. LOSS OF Lits TAMK
2.01-17.02 BYPASS REGULATOR FAILURE TOCLOSE  fomie EfF P RgpﬁsfsEézmou
' FAILURE TO 16 :
2.01-17.09 BYPASS REGULATOR REMAIN CLOSED COE/F  amomm]
22 01-17.03 BYPASS REGULATOR LEAKAGE o CPE/F 8
s BYPASS REG 5
72.01-17.04 SHUTOFF VALVE FAILURE TOCLOSE e EF e
BYPASS REG FAILURE 10 1
RU-UB | urorr vaLve REMAIN CLOSED COE/F
BYPASS REG $
22.01-11.04 SHUTOFF VALVE INTERNAL LEAKAGE ™ CDE/F =
i 5
41.01-01 FWD BATTERY NO. | NO POWER oz EF/F B s
' OUTPUT WIEN e CDEFF 8
2-0 SWITCH SELECTOR NOT REQUIRED F/
98
- SWITC NO OUTPUT - CDEF/F
- TCH SELECTOR SINGLE CHANNEL [ T
NO QUTPUT ~ . E/F JOU.LE
42-01 { SWITCH SELECTOR ALL CHANHELS
' OUTPUT WHEN ke CDE/E  aweeiid
2.8 SEQUENCER NOT REQUIRED
OUTPUT WHEN b CDE —
2-02.22.15 SEQUENCER HOT REQUIRED /F
9§
42-02.22.15 SEQUENCER MO OUTPUT s E/F e
42-024301 | SEQUENCER NO OUTPUT e COEF/F ot
, H
42-03.2202 FWD PWR DIST NO OUTPUT s CDE’F
1
42-03.4201 F¥D PUR DIST HO OUTPUT e £F —
2
42-03.42.10 FHO PWR DIST RANSFER TO EXTERNAL ™ EFF s
2
§2-03.43.0 FWD PWR DIST NO OUTPUT i CEF.F ey
42-08.42.62 28V AFT PYR DIST KO QUTPUT eres EF/F p—
] 3
42-0442.30 | 28V AFT PRR DIST TRANSFER TO EXTERNAL= EF/F PR
§2-004303 | 28V AFT puR pisy RO QUTPUT e COEF/F  commmmei
' \
005 28Y AFT PWR DIST IMPRCPER CONNECTION jwe  CDEF/F  soammang
, 1
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EAD CAUSE JEFFECT ANALYSE

WATH HODEL  pEw FAILURE oyasc 1 CRITICALITY | OVERALL FAILURE HODE
HUMBER o ~ TYPE HUMBER (CRITICAL EFFECT)
307 TUKREL CABLE AWPROPER COHCECTIN oo TRERSF
4308 F¥D CABLE oo I PROPER cmm;cuo'z CREF/F i §O O i T
: B coresimrE 21 o EOTION e LREF/E Eﬁ‘%@iﬁ. TI08
43-09 AFT CABLE r««sfffv’ewmiﬂ:zPﬁﬁPER COKUECYICH §oe COEF/F  swwoncd
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

©HATH HODEL TEM FAILURE PHsE | CRITICALITY | OVERALL FAILURE MODE
; HUMBER TYPE HUMBER (CRITICAL EFFECT)
2.62-0 FAILURE TO 1
2 FILL & DRAIN VALVE REMAIN CLOSED . CO/D COEF/F  wamses
21 02-02 FILL & DRAIN VALVE INTERNAL LEAKAGE == CD/D CDEF/F -1
1
21.02-03 LOX FILL DUCT LEAKAGE <o CD/D CDEF/F  cwmmensny
Hi PERF_PRESSURE - -]
) 'zi.ozm L NO OUTPUT CDEF/F
L : 3
72 0204 COLD He DISCONNECT FAILURE TO DISENGAGE C/D C/F  covmms
FAILURE T0 I
22.02-04 0} He SPHERE RELIEF VALVE REMAIN CLOSED bese  C/D CDEF/F  emmmaces
“22.02-04.01 He SPHERE RELIEF VALVE INTERNAL LEAKAGE  juwe CD/D CDEF/F cusmid
FAILURE TO 1
22 02-04.02 COLD He DUMP VALVE REMAIN CLOSED CO/D COEF/F cmummd
72 02-04.02 COLD He DUMP VALVE INTERNAL LEAKAGE ~ pme C/D CDEF/F 1
5
22.02-05 LOX PRESS He SPHERE EXTERNAL LEAKAGE  bowe CD/D CDEF/F  ewmscus
o OUTPUT WHEN H
22.02-06 HI PERF PRESSURE SWITCH NOT REQUIRED oo CD/D CDEF/F  cocoomany : .
, 1 1.
22.02-08.01 He PRE REG FILTER CLOGGED = CD/D OF/F légi:ssgfn:ﬁr{c;? "
B 10
i 22 02-08.02 He PRESSURE REGULATOR INADEQUATE PRESSURE == CD/D OF/F il
72.02-08.03 COLD He SHUTOFF VALVE FAILURE TO CLOSE e CEF -1
3 02-08.03 FAILURE TO )
’ 22.02-08 COLD He SHUTOFF VALVE | REMAN £ OSED - CE/F
' 15
2202-0803 | COLD He SHUTOFF VALVE ~wwomoosced INTERMAL LEAKAGE o C/D CE/F oo
22020804 | COLD He SHUTOFF VALVE FAILURE TOCLOSE  bwe  CE/F  omaih
1
22.02-08.04 FAILURE TO e CE/F PR
{ COLD He SHUTOFF VALVE REMAIR CLOSED
1 - 15
202-08.04 | COLD He SHUTOFF VALVE INTERNAL LEAKAGE [ /0 CE/F o
. 2
22.01-08.05 COLD He CONTROL VALVE FAILURE TO OFEN o D/D DF/F " ermcoocg
' FAILURE T0 o/ S
22020805 | COLD He CONTROL VALVE REMAIN OPEN peee CDEF/F
1
22.02-08.06 ] COLD He FILTER CLOGGED s CD/D DF/F somnsens
1
22.02-09 COLD He SURGE TANK EXTERMAL LEAKAGE =~ CD/D CDEF/F eocurconed
1o
02— QUTPUT WHER /0 ‘
22.02-10 HI PERF PRESS SWITCH HOT REQUIRED bazn CO/D DEF/F  sorveeces
3
22.02-14 LOX PIPING LEAKAGE peeo CO/D COEF/F amoameny
FAILURE TO e I
202-15 VENT & RELIEF VALVE REMAIN CLOSED — VENT CD/D DEF/F :
4
2.02-45 VENT & RELIEF VALVE INTERWAL LEAKAGE o= CD/D CDEF/F someemces
- FAILURE TO e CO/D 0
2.02-15 LOX TANK RELIEF VALVE | REwAIN CLOSED DEF/F
) e 3
2202-16 LOX TANK RELIEF VALVE IHTERMAL LEAKACE  fusn  CD/D CDEF/F wocem
23,0206 LOX FEED DYCT LEAKAGE s CO/D COEF/F cvmnsea
FAILURETO . lew CO/ conmenia
%-12.01 PNEU CONT PILOT VALVE REMAIN CLOSED == CD/D COEF/F
. FAILURE TO |
5-16.0) P |
2%-16.01 PNEY CONT PILOT VALVE REWAIN CLOSED e CD/D DEF/F
5
26-01 32 ENGINE LEAKAGE b= C1/0 e
41.01-01 FWB BATTERY 0. 1 10 POMER e CD/D EF/F - coiod
e
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HATH HODEL T P prase | CRITICALITY [ OVERALL FAILURE MODE

HUMBER g ) iYPE HUMBER (CRITICAL EFFECT)

12-01  suroi SELECTOR SO ?g‘;*:;g{,;,i}.‘g; o CO/D COEF/F wubis

2-61 SWITCH SELECTOR g&gﬂg%‘:{%ﬁ& i CO/D COEF/F anebll

2-01 SHITCH SELECTOR s ‘ff’tfuci,;‘;;égu on OB EF el

2-02.021 SEQUEACER ggﬁ“&:‘j{*ﬂ‘ﬁ% e’ CER proined

@2-02220 | SEQUENCER KO OUTPUT s GO FF emaco

2022220 | SEQUENCER AT SEque o CO/D COEF/F o

02-022223 | SEQUENCER LA ccc CD/D DEF/F oo

@2-024301 | SEQUEHCER ceencnnd 140 QUTPUT e OD/D COEF/E oo

02-034201 | FED PUR DIST 0 OUTPUT v OB EF e

42-—03‘42.16 FY0 P¥R DIST TRAHSFER TO E}:?ER'&?‘.L o QOB EESF «WL

f-0442m | 2YAFT PER DIST X0 QUTPUY e OB CEAE e

42~04.42.30 28Y AFY PUR DIST TRANSFER TO EXTERNAL beose co/0 EfF § ?.. ;g?ﬁ?}il;%ﬁ’;%ﬂk

42-06.43.03 | 28V AFT PUR DIST NO OUTPUT o CO/D CDEF/F e '

13-05 FUD IRTERSTAGE CONY 4PROPER CORRECTION b CO/D COEF/F socen

3-07 FUD CABLE IPROPER CONKECTION foms 6D/D CREF/F soce

43-08 TUNHEL CABLE HPROPER CONHECTION b CD/B CDEF/F s

13-09 AFT CABLE IMPROPER CONNECTION fren €O/D COEF/F s

T G R B K B B e
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L THIODEL e CRITICALITY | OVERALL FAILURE HODE _
‘. “U‘wBiR o ! f‘éUMBER (CRITICAL EFFECT) o
5 225085 W PERF PRESSURE SETCH brnmcd COE/E .
1 22.05-05 HI PERF PRESSURE SHITCH ! gg;‘;‘g‘mjgé; ------ CDE/F wadd
2200-1701 | REPRESS He FILTER CLOGGED . EF st
2202-1102 | COLD e CORTROL VALVE Aol DD e COEF s
200-17.02  |COLD He CORTROL VALYE WTERHAL LEAKAGE b= CDE/F oo
202-703  |COLD He CONTROL VALVE g?:‘:}t"gfczg - w  CDE/F !
22.00-17.03 - COLD He CONTROL VALVE IIERNAL LEAKAGE = CDE/F )
22.02-11.04 :E!S%?T\?A%VE ggﬁ%ge&gm poe CDE/E e
5 zu-ue | RO WTERNAL LEAGAGE  pwo  COE/F i
202-12.05  |COLD tfe CONTROL VALVE e T 0 wa CDE/E weeine]
202-17.05  |COLD He CONTROL VALVE INTERWAL LEAKAGE ko CDE/F i
22.02-17.06  [VENT PURGE CHECK VALVE WTERNAL LEAKAGE v CDE/F : &Rﬁ%%; ;‘;ﬁﬁ;ﬁ?ﬁﬂf
" 2.02-18 REPRESS He STORAGE TANK EXTERNAL LEAKAGE v COE/F  comoid
2.00-20 REPRESS e CHECK VALVE FALURE TOOPER b EFF e
2.02-0 REPRESS Ho CHECK VALVE | NTERNAL LEAKAGE 1w CO/F 3
41.01-61 FUDBATTERY H0.1 | NOPOUER  bes COD e-m-m»-;
42-01 S TCH SELECTOR 3‘3?“3;‘0‘;3?5{}] lew CO/D coEF/E ﬂ.
12-01 SWITCH SELECTOR NOQUTPUT - fee CO/D COEF/F WML
i2-01 SWITCH SELECTOR ‘;ﬁf‘é;imgu w0 EF o
@2-02.22.% - | SEQUENCER prilad) Qﬁ"‘&’o e CD/D CDEF/F ssssts}
§2-02.22.5 SEQUENCER #0 OUTPUT b E/F -
02-02.4.01 SEQUENCER NO QUTPUT s CO/D COEF/F coin
42-03.42.01 FUD PYR DIST A«e&;‘mpur T oo e
§2-03.42.10 FUD PYA DIST TRANSFER TO EXTERRALb=>  CO/D EF/F o
12-06.2201 | 28V AFT PYR DIST HO OUTPUT e T
42-04.4202 | 28V AFT PUR DIST w0 outPuT Y WA
AT04A230 | 7Y AFY PWR DIST TRAHSFER T0 EXVERNALL-=  CO/D  €7/F
42-0443.03 | 28Y AFT PUR DIST 40 OUTPLT e GO/D COEESF o
3-05 FUD INTERSTAGE CONR  UPRODER CONHECTIOR bors CO/D CDEF/F cracld
4307 TUNNEL CABLE vl 7 GEPTR CUE £C TG bn CO/D CDEEVE il
308 FUD CABLE o] [HPROPER COMMECTION L v0 OD/D CBEF/F o
4308 AFT CABLE CieROPER CORRECTION L+ GO/D COEF/F womrid
. . . :
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3.9 MDS SINGLE THREAD CAUSE JEFFECT ANALYSIS

WfATH MODEL TEH FAILURE PHASE CRITICALITY ¢ OVERALL FAILURE MODE

HUMBER TYPL HUMBER (CRITICAL EFFECT)

B0 Lty SHUTOFF VALVE R op L CD/D EF/F e
2-01 He CONT DISCONMECT DS s /D CfF L
24-02.02 PNEU CONT DUMP VALVE REtEA 21 0SED e O/ COEF/E comend
24-02.02 PNEU CONT DUMP VALYE LEAKAGE o /D COEF/F
10203 PNEU CONT RELIEF VALVE FRE O o CDE/F  auri
-02.03 PNEU CORT RELIEF VALVE LEAKAGE L COESF o
2404 REPRESS He STORAGE TANKfworwescscs | £ AKAGE e O/D CDES/F cmme
%-05.01 PNEU CONT He FILTER CLOGGER e O/ COEF/F ool
24-05.02 R Lt eSS HADEQUATE PRESSURE L G/ COEF/E wesion
#-0.03 SHTOFF VALVE gég:)geolg?% e /D CORF/ e
240504 PHEU CONT PILOT VAI VE LEAKAGE e C/D CDEE/F womsin )
2405 PHEU CONT SURGE TAHK LEAKAGE o G/D CDEF/F weomch 9. LOSS OF Lilp FEED
2-08.02 T e FAILURE T0 CLOSE  pen BF e
waw | mmee A S
2-08.02 iy LEARAGE e ODE/F et
2%-11.01 PNEU CONT PILOT VALVE LEAKAGE e O/D GDEF/F e
24-11.02 PHEU CORT PILOT VALVE LEAKAGE s C/D COEF/F st
#~12.01 PHEY CONT PILOT YALVE LEAKAGE o O/ GDEF/F ]
26-13.01 PMEU CONT PILOT VALVE LEARAGE b G/D CDEF/F e

2-13.02 PNEU CONT PILOT VALVE FAILURE TOCLOSE o O/D E/F s

2-13.02 PHEU CONT PILOT VALVE FLRE T e CO/D EF/F ool

24-13.02 PHEU CONT PILOT VALVE LEAKAGE fessa 'C/D COEF/F summii §
24-14.01 PNEY CONT PILOT VALVE LEAKAGE o O/ COEF/F o

2%-14.02 PREY COHT PILOT VALVE LEARAGE s C/D COEF/f oo

2-15.01 PHEW CONT PILOT VALYE b o wewesmed LEAKAGE e /D CDEF/F e

u-15.02 PNEUY CONT PILOT VALVE [ » scomun] | EAKAGE oo O/ CDEF/F v

2%-16.91 PNEU COBT PILOT VALVE [o * ooy LEAUAGE s C/) COEF/E Wé“ ,=
24~16.02 PNEU COHT PILOT YALVE [ ° “===1 LEAKAGE e D COEF/F amace

217 PNEU CONT He PIPING  [» + =ewesa] LEAKAGE e C/D COEF/F o
2%-0t 12 ERGHHE -+ e COMPORENT FAILURE Lo DD F/F i
L0101 FWO BATTERY HO. L | » weced KO POUER e DD EF/F )

-0 SWITCH SELECTOR R 23;?&3"’:% o CO/D CDEE/F wmrmion

42-01 SWITCH SELECTOR ‘ S g‘;ggg&;{ﬂ = CO/D GDEF/F wgi

oo i
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. RUEBER

OYERALL FAILURE HODE
{CRITICAL EFFECY)

0 QUTPUT ~ -
ALL CHARNELS
QUTPUT FHEN
#0T REOUIRED e
OUTPUT WHER e
HOT REOUIRED

§0 OUTPUT -
TRAHSFER YO EXTERMAL free

{MPROPER CONNECTION

IHPROPER CORNECTION

i2-01 SWTCH SELECTOR
2022000 | SEQUEHCER
0-0226.05 | SEQUENCER
2-03.4201 | FUD PYR DIST
2084200 | Fub PR OIST

1305 FUD WTERSTAGE COHY
-7 TUNNEL CABLE

43-08 FUD CABLE

3-8 AFT CABLE

IMPROPER COMHECTION

b OO/D CORF/F  wsoemine

1EPROPER CORKECTION

e LB/ CDEF/F /.:-‘,x'-;ag.‘

= QD/D CDEF/F  wwomnnd

6/0 EfF
WD Ry wed
COE/S  cnenn
O BF o

CO/D FF/F .

10

CO/D CUEF/E o

9. LUSS OF Liy FESD

4
g
i
d
%
é

e

v s



CAD CAUSE JEFFECT ANALYSIS

#ATH HODEL en FAILURE prise | CRITICALITY | OVERALL FAILURE HODE
HUKBER : TYPE - HUMBER {CRITICAL EFFECT)
23.02-05 LOY K SHUTOFF VALV FALURE TOOPEE  bwe  O/D il
23.02-05 LOX TAHK SHUTOFF VALVE ;Eﬁgﬁ%,',gﬁ o GMD BFIE e
2%-01 He CONY DISCORHECT g;"*s"é‘gggs‘ﬁ(’ o CD O csscenin
2%-02.62 PHEY COHT DUMP VALVE it . bese /D COEF/E  woorns
24--02.02 PHEU CONT QUIP VALVE LEAKAGE ww /B CBEF/F  weanonind
24-02.03 PEU CONT RELIEF VALVE gg;‘{g%{gsw o COEF/E v
%-02.03 PHEU CORT RELIEF VALVE fromsccsn o LEARAGE o CDE/F wmaed
2404 REPRESS He STORAGE TARK LEAKAGE wr OfB COEF/F cunid
24~05.01 PNEU CONT He FILTER CLOGGED e O/ OOEF/E  wmensvad
2-05.02 PEy Ol TRESS | \KADEQUATE PRESSURE P ©40 COEF/F semioe
24-05.03 O LVE PALURETD, . 18. L0S5 OF LOX FEED
20504 PNEY CONT PILOT VALVE LEAKAGE i G/D COEF/E o
%05 PHEY CONT SURGE TaiK LEAKAGE /D COEF/E st
24-08.02 FonCELINE v FALURE TO GLOSE e E/F g
u-18.02 ggg&sﬁiwz §é§§£gﬁczgsm SO
-00.02 SATOFE YALYE LEARAGE DR
2-1101 PHEU CONT PILOT VALVE LEAKAGE s OfD COEF/F emiel
24-11.02 PHEY CONT PILOT VALVE LEAKAGE o O/ COEF/F -
2-1201 PHEU COHT PILOT VALVE LEAKAGE o OB COEF/F cmcdis;
%-12.02 PHED COHT PILOT VALVE LEARAGE oo O/B COEF/E wascnns
21301 PHEY CONT PILOT VALVE LEAKAGE o O/D CORF/F cuome
24-13.02 PHEY COUT PILOT YALVE FHLURE TOCLOSE oo O/ B/ cosctod -
n-1.02 PHEU CONT PILOT WALVE ?E;;gfcf_gm o OB EE/F i
24-13.02 PHEY COUT PILOT VALVE LEAKAGE o G/} CREEE
2#-1401 SHEY COWT PILOT VALVE LEAKAGE o O OSSR e
2102 PHEW COHT PILOT VALVE LEAKAGE o O/ COEE/E i
24~15.01 PHEU CORT PILOT VALYE 4 LESNAGE < O COEFAE
%1502 PiEU CORT PILOT VALVE LEAREGE e oD COEFRF o
2101 FREN EOT LT VAL VE LEARGE S s
24-16.02 PREY CORT PILOT VALWE sy LEARAGE e B CBEF/F
4-17 PHEY CORT He PIPIRG ranereed LEAAAGE s L) CBES/E et
%-2 PhEL i D e pridiiait e OD COEF/F o]
%6-01 2 ERGIRE J Np— CONPORET FAILURE [ IVD F/F e
o e
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: JEFFEGT ANALYSIS

BVERALL FAILURE HODE

)

e IV TerE PHASE émmw (GRITIAL £FFEOT)
410101 FED BATTERY 10, 1 H0 POYER wo QD B et
420 SWITCH SELECTOR g‘é?‘,}’:‘}‘j’f;{% o /D BOEE/E e
§2-01 SUITCH SELECTOR M&@&WMW O GOEF/E il
-0, SUITCH SELECTOR ggf%m’gas o O/ B o
2-02.2801 | SEQUENCER ggﬁ??j?;{f B N T | |
N-RBYH | SEQUENCER T met w  CDEF : 10, LOSSOF LOX FEED
42-03.42.01 FRD PUR DIST §#0 OUTPUT w2 o/ EF ‘wﬂlw}’*@
82035210 WD PUR DIST TRANSFER TO EXTERHALLe  CO/D EF/F
42-00.43.03 2Y AFT PUR DIST 1O OUTPUT e £O/D CDEF/F <o
905 F¥D INTERSTAGE COMY . mnépen CORMECTION [~ CD/D COEF/F e
1307 TUBKEL CABLE MIPROPER CONNECTION == CO/D CDEF/F sam
43-08 FYD CABLE HAPROPER CONBECTION p== C/D CDEF/F i
43-08 AFY CABLE IMPROPER CONRECTION |e  CD/D COEF/F C—t«uu}i
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WDS SINGLE THREAD CAUSE /EFFECT ANALYSIS

311 ;
MATH 1MODEL ey FAILURE PHASE CRITICALITY § OVERALL FAILURE MODE
HUMBER TYPE HUMBER {CRITICAL EFFECT)
~ oF L
22.01-11.08 BYPASS REGULATOR FALURE TGOPER e
: BYPASS REG o 5
2011704 SHUTOFF VALVE FAILURE 70 OPER o &/F s
BYPASS REG FALURE 7O ” ; st
2011106 SHUTOFF YALVE REAN DPER ‘ o )
o 4
4201 SHITCH SELECTOR ity o COMR COEFF wh
42-02.22.16.81 | SEQUENCER 0 QUTPUY s &F .4
j OUTPUT WHER - N
£2-02.22.16.00 | SEQUEHCER 10T REQUIRED CoeF ! .

, 31, HIGH LH
42-02.43.01 SEGUENCER HO OUTPUY v UD/D COEFF L mef*smfmnﬁ
42-04.42.02 28Y AFT PR DIST #0 QUTPUT e OO/ EFF o
42-04.42.30 28Y AFT PYR DIST TRANSFER TO EXTERHALko  CO/D EF/F oo
42-04.43.09 Y AFT PYR DIST %0 QUTPUT o CO/O COEF/F oo
43-05 FYD INTERSTAGE COHR \UPROPER CORNECTION b= CO/D COEF/F e
4307 TURREL CABLE (MPROPER CORRECTION b CO/D COEF/F s

16
4303 FYD CABLE HPROPER COMHECTION [~ OO/ COEF/F  womeer

33
4300 4FT CABLE 14PROPER COHRECTION [ CO/0 COEF/F
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FOT ANALYSIS
e FALURE | pyses | CRITICALITY | OVERALL FAILURE HODE
oo wee G- i HUWBER  §  (CRITICAL EFFECT) |
an-um | FALURE TOOPEH b B o
410101 FuD BATTERY HO. 1 H0 POYER e DD EE/F o
12-01 SWITCH SELECTOR gg;’;“&mi% e CO/D CDEF/F oo
4201 SWITCH SELECTOR N T el [ /R COEF/F AL
521 SWITCH SELECTOR A e s e O/ Eff e
£2-02.22.1701 | SEQUENCER 1O QUTPUT - 3 L33 | B N
42-02.43.01 SEQUERCER - g‘g”é’ggﬁ’gg‘n e CO/D COEF/F oo 12.PROPELLAKT SLOSHIG
42-63.42.01 FUD PYR DIST #0 OUTPUT o /D EF ek
42-03.42.10 FU0 PYR DIST s sl RANSFER TO EXTERRAL oo CD/D EF/F s
2044200 | 20V AFT PUR DIST §0 QUTPUT e CO/D EF/F o
2-004230 | 28V AFT PR DIST TRANSFER TO EXTERNAL bowe  CO/D EF/F  oeccng
12004303 | 28V AFT PR DIST HO OUTPUT e CD/D COEF/F oo
13-05 FUD IATERSTAGE COI WMPROPER CONHECTIOH == CD/D CDEF/ corn
43-07 TUNREL CABLE IMPROPER CONRECTION =~ CD/0 COEF/F “"""2‘
408 FUD CABLE IMPROPER CONNECTION bxe CO/D CDEF/E ey
4309 AFT CABLE IMPROPER CONHECTIOR b CO/D CDEF/E oo
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.13
WATH MODEL TER FAILURE PHASE CRITICALITY § OVERALL FAILURE MODE
NUMBER TYPE NUMBER {CRITICAL EFFECT)
1
FAILURE T0 s L8
2.01-02 FILL & DRAIN VALVE RESAN CLOSED /D CDEF/F w:
0
21.01-02 FILL & DRAIN VALVE INTERNAL LEAKAGE  po=r O/ CDEF/F s
21.01-03 FILL & DRAIN VALVE LEAKAGE ne C/D CDEF/F  wmaarh 13. LHy oEPLETION
BOI-6 LH7 FEED DUCT LEAKAGE e CD/D COEF/F mumein
FAILURE 70 1
2-11.01 PNEU CONT PILOT VALVE RERAN CLOSED or C/D CDEF/F  cncon
26-01 12 ENGINE COMPONENT FAILURE fewee CO/D  EF/F ot

1



BT ANALYSES

T ODEL iy FAILURE | pnse § CRIVICALITY § OVERALL FAILURE HODE
R T e HUIBER (CRITICAL EFFEET)
21.02-02 FILL & DRAN VALVE ia&,ﬁiiclﬁsm Tl com ot/ wmd
21.02-02 FILL & DRAIN VALVE WITERMAL LEARAGE  pose CD/D CDEF/F  muads
21.02-03 LOX FILL BYCT LEAKAGE sz CD/D COEF/F o]

23.00-06 LOX FEED DUCT LEAKAGE e CD/D CEF/E  cuosemeh

281201 PHEY CONT PILOT VALVE R e osED o CO/D CDEF/F comveom

2%-01 12 ENGINE COMPONENT FAILURE powe  CD/D EF/F bl

41.01-01 FUD BATTERY #0. 1 N0 POVER wa DD EF/F  awions

2-01 SUITCH SELECTOR zg?goﬁﬁu e CO/D CREF/F e

201 STCH SELECTOR ?,?‘gt‘g‘:ﬂg;m Lo CO/D COEF/F ool

2-01 SHTCH SELECTOR LA P s O/D EF i N
4034200 | FD PHR DIST 40 OUTRUT e C/D E/F Mool 16, LOX DERLETION
92-03.4200 | F9D PYR DIST TRANSFER TO EXTERRALsw»  GD/D EF/F  wossod

4305 FYD INTERSTAGE CONR w;em;c;@f%cnow o OD/D CDEF/F 1

4307 TUHKEL CABLE WUPROPER CONNECTION foea CD/D COEF/F s

4308 FUD CABLE (£PROPER CONRECTION bee CO/D COEF/F <ol

308 AFT CABLE WPROPER CORRECTION fs CO/D CDEF/E i

P PU ELECTRONICS VALVE DRIVEH CLOSED |~ CDE/F s

112
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.18
MATH MODEL TER FAILURE PHASE CRITICALITY § OVERALL FAILURE MODE
HUMBER TYPE NUMBER (CRITICAL EFFECT) N
B.0-02 SaTorEALvE FAILURE TOCLOSE [ EF e
no-0 ‘S-%T%}:”:’J‘-MLVE i?ﬁﬁiéil&so = BA ]
B.02-02 gt’:{r%’gﬁmvs ITERHAL LEAKAGE o EF/F o
2%-01 He CONTROL DISCONNECT FAILURE 70 DISENGAGE k== ©/D C/F !
u-02.02 PHEU CORT DUMP VALVE e C/D CORF/F crmmetd
240202 PNEU CONT DUMP VALVE LEAKAGE o C/D CDEF/F e
25-02.03 PNEY CONT RELIEF VALVE ;‘é&;{gﬁczgszu o CDE/F weovo
2-02.03 PHEU CONT RELIEF VALVE LEAKAGE o COE/E 3
24-04 REPRESS He STORAGE TARK LEAKAGE s C/D CDEF/F crmne
2-05.01 PHEY CONT He FILTER CLOGGED hwn O/D CDEF/F wora
TR X R L A A, IHADEGUATE PRESSURE L C/B CDEF/F  curai ® zﬁgadiéox
won BRI, T |- oo aoe L
24-05.04 PNEU GONT PILOT VALVE LEAKAGE s C/D COER/F wxmme
2%-06 PHEU CONT SURGE TAHK LEAKAGE e C/D COEF/F o
a QLM FMLURETOCLOSE [ EF et
ens PHEY CORT PILOT VALVE LEANAGE s G/D COEE/F o
2~11.02 PHEU CONT PILOT YALVE LEAKAGE oo C/D CDES/F  suonon
2%-1201 PHEU CONT PILOT VALVE | LEAKAGE o O/D COER/F amemeis .
2%-12.02 PNEU COHT PILOT YALVE LEAKAGE e C/D COEF/F ]
%1301 PHUEU CONT PILOT VALVE FAILURE TOOPER  p=s  EfF 1
%-13.01 PHEU CONT PILOT VALVE ;:;:‘:32;& e EF/F -1
1301 PHEW CONT PILOT VALVE LEAKAGE s O/D COER/F nm
2-13.02 PNEU COKT PILOT VALVE  Leakace b ©/D COES/p
%-1401 PHEU CONT PILOT VALVE  ennace oo C/D COEF/F o]
u-1402 PHEL COHT PILOT VALVE LEAKAGE Lo O/D COEF/F s
2-1501 PHEL CONT PILOT VALVE LEAKAGE e /D COEF/F oty
2%-15.02 PREU COHT PILOT VALVE LEARAGE e C/D QUEF/S s
" eetmcasirn e
216,01 PREY COUT PILOT VALVE LEARAGE pee O CRERSE s
BBl | PHE CONY PULOT VAVE prosomessn] LERRAGE | bosw G0 COEFA oo
N1 00T e PG o s LEAKAGE T 00 COEF s
R e S i S
41.01-01 F¥1 BATTERY H0. ] HO POYER e CO/D EF/p s
410143 A BATTERY 0.1 | HO POYER L o e
. - L
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s MDD SINGLE TH?EA%) CAUSE/EFFECT ANALYSIS
L .43
T ATHHODEL — FAILURE oHASE ;{cmncpmv OVERALL FAILURE 1ODE
WUMBER | CTveE | HUIBER (CRITICAL EFFECT)
“2-01 SWITCH SELECTOR gg?;”gqfﬁ‘:& s CD/D COEF/F coseting
2-01 SWITCH SELECTOR gﬁgﬁ‘g;‘ﬁgﬂﬂ e CO/D CDEF/F onbiod
12:01 SHATCH SELECTOR o auTRuT - bee 6D EF  candin
@-0.58% | SEQUEHCER HO OUTPUT L
2-00.26.06 SEQUERCER gg{z‘g}ﬁ:‘@o v CDE/F v
42-02.43.01 SEQUENCER NO QUTPUT e OO/D COEF/F «m}i&
2034200 | FuD PUR DIST 40 OUTPUT b O BF ]
R-004210 | FYD PR ODIST | TRAUSFER TO EXTERNALI<s CO/D EF/F  cuuncie
RUA20 | AYAFTPHROST b =onee] noQUTEUT w2 CO/D EF/F s
42-00.42.30 f AVAFTPHRODIST TRAHSFER T0 EXTERKALbw  CO/D EF/F  csmiabasmned 5 ‘é’ézgﬂdgéox
2-04.33.03 | 28V AFT PUR DIST HO OUTPUT e CO/D CDEF/E mmig
43-05 F4D WITERSTAGE CONR | JPROPER CONRECTION ke CD/D COEF/E mamis
53;07 i TUMMEL CABLE N (MPROPER COMUECTION pes» CD/D COEF/F 8
4398 v AFT CAB;; T 1PROPER CORRECTION f== CD/D CDEF/F '“‘“!'9;
o | rcele HAPROPER CONNECTION fs CD/D CDEF/E o]
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3.16

MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

HATH HMODEL EH FAILURE PHASE CRITICALITY § OVERALL FAILURE #0ODE
HUMBER TYPE HUMBER {CRITICAL EFFECT)

23.01-05 LHg TARK SHUTOFF YALYE §é;§,§’,§%,§§ﬂ s CO/D EF/F iy

20205 [LOX TARK SHUTOFF VALVE RESURE 10, e OD/D EF/F e

%-13.02 PHEU CONT PILOT VALVE Hiorrrli R, s DD EF/F e

%-01 32 ENGINE COMPONENT FAILURE oo CO/D. EF/F ool

41.01-01 FY¥D BATTERY #0. 1 #0 POYER pos CO/D EF/F 2

41.01-03 AFT BATTERY H0. | HO POER s CO/D EF/F  wos

a2-01 SWITCH SELECTOR RoT AEouch o CD/D EF/F et

-0l SHITCH SELECTOR L

-1 SHITCH SELECTOR AL s o D/D FIF i

12-025.027 | SEQUEWCER il RECumeD A

2034201 | F¥D PR DIST #0 OUTPUT s CO/D EF/F e l§' ;ﬁmfu‘ﬁgﬁ‘;“fm ‘

©2-024210 | F¥D PRR DIST TRANSFER T0 EXTERNAL [=  CO/D EF/F  oomsis

£2-034302 | FHD PR DIST HO OUTPUT s EFF o

81-09 ?;‘;‘f%g@;ﬁg‘a R PREMATURE CHARGIHG e CD/D EF/F et

81-10 o E PRENATURE CHARGING [ CO/D EF/F I

2-00.2000 | 78V AFT PUR DIST gg?’a”gm‘i’:‘afé‘u s FIE axconed
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317 MOS SINGLE THREAD CAUSE JEFFECT ANALYSIS
3.1
SATH SIODEL ITEW FAILURE PHASE CRIVICALIYY & OVERALL FAILURE HODE
NUMBER TYPE ) HUMBER (CRITICAL EFFELTY
. ] R
310101 AUY HYDRAULIC Pup FAILURE 70 BELIVER co o ,
3-01.0 AUX HYDRAULIC PUMP LEAKAGE v Cf) COESF 2
3-01.04 KUX PUMP CHECH VALYE FAILURE YO OPEN o DE/F i
AUX PUHP |
31-01.65 HYDRAULIC FILTER CLOGGED s CO/D CDEF/F
101, FAILURE TO 5 : !
31-01.07 AUX PUMP RELIEF VALVE REWAIR CLOSED - CO/D CDEF/F
31-01.07 AUX PUMP RELIEF VALVE LEAKAGE o CO/D COEF/F oo
31-01.08 AUX PUMP CHECK YALVE FAILURE TO OPEY e oD F/F $
0.0 HYDRAULIC i
31-01.09 BLEEDERVALYE | LEAKAGE o CD/D COEF/F
31-0L10 AUX PUMP RELIEF VALVE FAILURE TO OPEH e O/ CDE/F L
31-0L1 AUX PUMP CHECK VALVE FAILURE 70 OPER ez G CDE/F o
AUX PUMP PRESSURE : 2 U, 1088 oF
3011 HADEGUATE PRESSURE £/0 CDE/F
0 |Resuktor T | ® - ! WYBRAULIC PRESSURE
. % PUNP R FAILURE TO : .
_ix:m 13. o f“ UMP RELIEF YALVE RENAIK CLOSED Locen COR/E  conenccs
30113 AUX PUMP RELIEF YALVE LEAKAGE o QOE/E e
3-02.01 COMPRESSED AIR TANK LEAKAGE oo COE/E  comme
3-00.01 | HYDRAULIC Puge Fromesssol EALURE TO DELIVER f=e DD OF/F et
T e T e FALWRETO | )
31-03.61 HYDRAULIC PUNP LT PRESSURE LY )
. _
31-03.04 RYDRAULIC Putp LEAKAGE o CO/D COEF/F i
HYD PUEP HI PRESS e y "y
31-03.02 CHECK VALVE FAILURE 70 OPER e o=
HYD PUMP Hi PRESS - e F ]
31-03.02 CHECK VALVE FAILURE 70 CLOSE B/0 DF/F es '
HYD PUNP HI PRESS . LA
31-04.02 CHECH VALVE LEAKAGE e DB BFSF oo
HYD PP Wi PRESS ) . T e
3-03.02 CNECH VALVE FAILURE TOOPER  p=  D/D DEF
1
HYD PUSP Hi PRESS . DEMF communad
-0 CHECK VALVE FAILURE TO CLOSE %
NYD PUBP HI PRESS Lo BE/F  comoncoms
30300 CHECK VALVE LEAKAGE
3-83.84 1YD BLEEDER VALVE LEARAGE pes GO COEF/F rmemesa
3848 HYDRAULIC ACCUMULATOR LOSS OF FRECHARGE [~ CO/D SDEF/F e
81-4.61 [rvRRAULIC ACCURULATCR SHEHED PISTON s CO/D COEF/E onocon
o) :
818401  R— ACCUSULATOR LEARARE v D/ CDEF/Y womsond :
HYD ACCURILATOR D PICTOS e ) -
90-ea.82 RESERVOIR JERED P’ST““ LD EF/F :
P00 g&wmm& LEARAGE n o BREE/F
B b
#1-54.88 HYD BAW V5 FILTER CLOGGED o /B EFF crmmesd
HYD ACCUR NI PRESS FAILURE 70 T | '
M‘% RELIEF VALVE REMAIE oLoeEn 2o 5] 4 /’;‘ R
HYD ACCUZ W FRESS m - "l
#4489 RELIEF VALVE LEAKAGE o {1 D GOEE/F sowtiong
5618 HYD BLEEDER VALVE LEALEGE v A GOEF/E e
4 ot
1]
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MDS

7

INGLE THREAD CAUSE/EFFECT ANALYSIS

3.17
MATH MODEL ITER FAILURE PHASE CRITICALITY § OVERALL FAILURE MODE
{IUBER TYPE HUMBER (CRITICAL EFFECT)
HYD TEHP CORT CUTPUT BHER 120
-t THERMAL SHITOH KOY REQUIRED == COEF
HVD TERP CONT 3
305 e 0 GUYPUY s DEF e
31-05.02 HYDRAULIC ACTUATOR LEAKAGE o CO/D COEF/E o
HYD ACT PRE !
31-65.04 e LVE LEAKAGE e CO/D COEE/E
110605 HYD ACT BYPASS VALVE LEAKAGE o CO/D COEF/F s
HYDRAULIC !
3-05.05 R LVE LEAKAGE o CO/D CDEF/F
31-07.02 HYDRAULIC ACTUATOR LEARAGE Lo CO/D CDEF/F comens . ‘
HYD ACT PRE !
310708 P ALV LEAKAGE o CO/D COEF/F
31-07.05 HYD ACT BYPASS VALVE LEAKAGE e CD/D COEF/F s -
HYDRAULIC 1
30765 ' BLEEDER VALVE LEAKAGE Lo CD/D CDEF/F  commmonery o
1. LOSS OF
) -
B8 | HYORAULIC PpthG LEAKAGE CO/D COEF/F  HYORALIC PRESSURE
410101 FHD BATTERY HO. 1 40 POYER s CO/D EF/F o
410104 AFT BATTERY HO. 2 %0 POVER e D B ]
o OUTPUT ¥HER » 148
@ | swrow seLecron el oo COEF/E wekil
e+ 10 OUTPUT — .UL
e ‘ SWITCH SELECTOR . SINGLE Chawngy [ OD/D ODEF/F evssty
; RO DUTPUT - Lo 12
2-0 STCH SELECTOR | O eLs OD Ef i
§-03.4201 | FHD PYR DIST 0 QUTPUT - C/D EF et
.
©2-034210 | F¥D PRR DIST TRANSFER TO EXTERMAL [==  CO/D EF/F o
2-G.3101 | BV AFT PHR DIST 0 QUTPUT s B/0 CDE/F e
Q054240 | SYAFTPURDIST peowoosoumed pREATURE TRAHSFER poe /D E/F  socim
82054300 | S5V AFT PYR DIST bemsecemss ! 0 QUTPUT e C/D COE/F s
{
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3.18
HMATH MODEL ITEM FAILURE PHASE CRITICALITY § OVERALL FAILURE MODE
HUMBER TYPE HUMBER (CRITICAL EFFECT)

VD ACTUATOR FAILURE T0 el

3-06.00 SERVO VALVE posiTiON AcTuaToR [ WO FF
LEOMTION ACTUATOR

HYD ACTUATOR FAILURE T0 HAINTAlM 20 |

3-05.00 SERVO VALVE ACTUATOR PosiTion [ CW/P COEF/F ey
7

3N-06.02 HYDRAULIC ACTUATOR Jamme koo OD/D EF/F comeons

HYD ACTUATOR 1
31-06.03 FLOID FILTER CLOGGED beca  OD/D EF/F oo

HYD ACTHATOR FAILURE TO " 330
a-0.0 SERVO VALVE posiTion actuaron [ U0 FAF

HYD ACTUATOR FAILURE TO HAIRTAI /D CDEE/F wmiil
n-aai SERVO VALVE ACTUATOR posTion [~ C0/0 GOEF/F ' 1

7 : 18,108S oF

31-07.02 HYDRAULIC ACTUATOR JAISHING oo CO/D EF/F somee - " STEERING CONTROL

HYD ACTUATOR o - —
31-07.03 FLUID FLTER CLOGGED s CO/D EF/F wi

QUTPUT WHEH Jas
42-01 ITCH SELECTDB ] HOT REQUIRED e CD/D CDEF/F :
3-8 FUD WHTERSTAGE COBH  jrewmmnoiad (HPROPER CORKECTION f==r CD/0 CDEF/F < L3
A0 TUNNEL CABLE Urmvaeec) W1PROPER CONNECTION ko= CD/D CDEF/F
e eeenm o Loet i o s esrt————r .‘ 10
3-8 FHD CABLE -mwsimaom CONNECTION b= CO/D CDEF/F wé
AR -

4309 AFT CABLE I4PROPER CONHECTION —~ CD/D CDEF/F  womares




MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.19
HATH IMODEL (TEM FAILURE PHASE CRITICALITY § QOVERALL FAILURE MODE
NUMBER TYPE NUMBER (CRITICAL EFFECT)
3200-0102 | APS1Hs DUHP VALVE LEAKAGE s CDE/E GOEFG/G mmnm
3201-0002 | APS 1 Ho DUMP VALVE LR 10 D s COE/E EFO/G ,,,_2_
3201-0093 | APS 1 He RELIEF VALVE LEAKAGE e CDE/E COEFG/G sommiid
32.00-0183 | APS 1 He RELIEF VALVE ;é;;g;‘clgsm s CDE/E CDEFG/Gommmcie
32.01-02 APS 1 He TANK LEAKAGE s CDE/E CDEFG/G omemone
32.01-03.01 APS 1 He FILTER CLOGGED oo - DE/E EFG/G ea-—L
32.01-03.02 ;gg‘tf‘f;;ggm""f IHADEQUATE PRESSURE = COE/E EFG/G oneirmm
no-ge | oAty PRESSURE IHADEGUATE PRESSURE jren CDE/E EFG/G someite
vo-esm | e RELAR o1 05ED e GOE/E EFG/G smm
Rol-sgr [ APSILOPRESS commceee] LEAKAGE o CDE/E CDEF G/ Gremeiin
32.01-06 APS L He FILTER CLOGGED e DE/E EFG/E  suemeh 1. :{‘;’:;giﬁ CONTROL
R, e [ Coe o s
2U-BE B RELEE AtVE LEAKAGE o CDE/E CDEFG/G omerion
now !APS!HG FILTER CLOGGED e DE/E EFG/G e
170011001 [ 4PS L PRESSURE TANK ' oecmmme| LERRAGE o COE/E CDEFG/Qommcie]
2a-00 W_-Ars:ExpuL§|Bﬁ;:;nnenka=m-j LEAKAGE o CDE/E CDEFG/Gomene
2.01-10.02 |APS 1 EXPULSION a[;onfalumm RUPTURE e cO/E Fosg el
32.01-12.01 Apsxpnsss—ﬁk;z T;;K e el | EAKAGE oo CDE/E CDEFO/Gomem;
01202 - WPS 1 EXPULSION BLADDER LEAKAGE foen OO/ CDEFO/Gentd
3201-1202  [APS 1 EXPULSION BLADOER RUPTURE e COE/E EFO/D en
2,014 APS 1 He Pwlﬁe LEAKAGE s CDE/E COEFQ/Q st
onnm | asioseuiER CLOGRED o DE/E FO/G —
ﬁ.ut-xa.r“muaz FLTER mijchéeEnb s DE/E O/ ook
ROLRO | APS)FUELSOREEN v {cmceeo o DE/E PO e
nORG | aesiosonesn { otoaeo o DB/ FO/Q e
32012304 | APS | FUEL SCREEN m;‘vmv | cLocae o DE/E FO/0  coomni
§2.01-23.05 | APS 1 Ox SCREEN b GLOGGED o DE/E FO/0  cmbe
ROMO | APSIFUELSOREER =~ ] CLOGGED S R Y J——
RO-2405 | APS 1 0¢ SCREEN + e CLOGGED. o B/ O/0 oo
3.01-30 APS Ho DISCONNECT rm» ey FAILURE TO DISENGAGE == C/DTHRUS  woem)
RO0L0 | APS2HODUMP VALVE b » comecee) LEARAGE e C1/E COEFG/B voron
L0010 | APSTHS OUKP VALVE e ¢ come fzégmzczgsen oGl /€ COEFQ/G womrid
o

" |
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

?dATH":{ODEL ITER FAILURE PHASE CRITICALITY ¢ OVERALL FAILURE MODE
~ twGER TYPE HUMBER (CRITICAL EFFECT)
32.02-01.03 APS 7 He RELIEF VALVE LEARAQE o CDE/E CDEFG/G ormii

32.02-01.03 APS 2 Ho RELIEF VALVE gégﬁggczgsm e ODE/E CDEFG/G e

32.02-02 APS 2 He TARK LEAKAGE e COE/E CDEFG/Gme

32.02-03.01 APS 2 He FILTER CLOGGED e DE/E EFG/G :

12.02-03.02 ":gg'u"fg;ggfss"“ (ADEQUATE PRESSURE b= CDE/E EFG/G e

32.02-03.03 iEECG%"L‘}AT'?RP“E“”RE INADEQUATE PRESSURE L CDE/E EFG/G v

32.02-05.02 ::;éttzmi?ve gngifczgssa e COE/E EFO/G et

32.02-05.02 ::%éb%gfﬁsvs ] LEAKAGE s CDE/E CDEFG/Grrneoet

32.02-06 APS 2 He FILTER CLOGGED o DE/E EFG/G ook

R I Eéﬁﬁﬂgseo et COE/E EFQ/G ol

o e RELIEE VL VE LEAKAGE  COE/E. CDEF/G weclbducat .é.??‘gis’fggii COKTROL
32.02—09‘- APS 2 He FILTER —CL-‘;GGED | o DE/E EFG/G  -mecie

32.02-10.01 AFSZPRF..‘SS*URE ;;;(H* 'E;;(;;;;W'w - CDE/E CDEFG/G coccer

32.02-10.02 APSZ»EXPJI-.;iOﬁ ;I:\EBEE -E;KXGE -.Wﬁ'mrmcns/e CDEFG/G e

32.02-10.02 tAPSZEX;;L-S;éN BLAbB;; ‘h-umunveh o }» COE/E FO/G oo

2.02-12.01 [Apsmessuns max’ “ NLEAKAGE . s CDE/E CDEFG/G oomerio

32.02-12.02 g»\;szﬁxmsm amo;;; 'L'EAK;\&; T hecop/E CoEFR/Raet

202-1202  [APS ZEXPULSION BLADD.E; RUPTURE e COE/E EFG/G sord

e | aps2He PiPIG Leakace s COE/E CDEFG/( o

3202-15.01 | APS20x FILTER CLOGGED Tl OE/E FB/6 coded

32.02-18.01 APS 2 FUEL FILTER CLOGGED bow  DE/E FO/G  cowmobd

32.02-22.04 APS 2 FUEL SCREEN CLOGRED | b DE/E FO/G ]

32.02-72.05 APS 2 Ox SCREEN mcwscau e 0E FO/G  onmnins

32.02-23.04 APS 2 FUEL SCREEH 'cm;;cen T e e Y-

32.02-0.%5 APS 2 Ox SCREER ?Loé(;en T T e DE/E FO/G e

32.02-24.04 APS 2 FUEL SCREEN rc;_egsﬁﬁ T E/E /6 e

n0-UB APS 2 Ox SCREEY ::Luéezaz; I e GG s

41.01-03 AFT BATTERY HO. 1 HO POWER e E/E GG oo
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S E THREAD CAUSE/EFFECT ANALYSIS

3.1%

MATH HODEL . FAILURE psse § CRITICALITY | OVERALL FAILURE HODE

HUMBER TYPE HUMBER (CRITICAL EFFECT)

§2-03.43.82 FUD PUR DIST éo oUTPUS s DEFMF SRy -

42083201 | 28Y AFT PER DIST 10 OUTPUT e /5 EROG

42002202 | BV AFT PUR DIST HO QUTPUT e CDE/E EFG/Q i

0054230 | 20V AFT PUR DIST TRANSFER TG EXTERHAL pee  §/6 G/6  coensun

42-04.43.03 | 28V AFT PUR DIST 1O OUTPUT e CO/B EF/F : . kgsrfro:os CONTROL
a5 FWD INTERSTAGE CONN WMPROPER CORHECTION == CO/D "EF/F o

4307 TUNNEL CABLE (PROPER CONNECTION e CO/D EF/F  comonind

350 FYD CABLE WPROPER CONNECTION fos  CO/D EF/F  commniel

40 AFY CABLE IMPROPER CONNECTION j==  CD/D EF/F -1
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.20
MATH MODEL ITEM FAILURE PHASE CRITICALITY § OVERALL FAILURE MODE
NUMBER TYPE HUMBER (CRITICAL EFFECT)
26-01 12 ENGINE INTERHAL LEAKAGE  |owo CBE/E CDEPGRL ~oerbog
201-21 APS | PROPELLANT PIPING LEAKAGE oo COE/E CDEFG/G wmavwie
32.01-25.00 APS | SHUTOFF VALVE FAILURE TO CLOSE = £/E F/Q WL
201-55.00 | APS 1 SHUTOFF VALVE LEAKAGE = CDE/E CDEFG/Gammi
2012501 | APS | SHUTOFF VALVE vt R e CDE/E FG/G o
molzm | APSULLAGE EnGike FALURETOCLOSE  fom  E/E F/B oo
no-s | g8 ILLAGE ENGINE LEAKAGE s GOE/E COEFG/G ol
T | Cm | oo
32.02-21 APS 2 PROPELLANT PIPING LEAKAGE | COE/E COEFG/G memre]
2022501 | APS2 SHUTOFF VALVE FMLURETOCLOSE | E/E F/G oo
202-2501 | APS 2 SHUTOFF VALVE LEAKAGE s COE/E CDEFG/G amom
2002501 | APS 2 SHUTOFF VALVE PALURE T e CDE/E FG/G e o gg::gg:um
202502 ggﬁfo‘;‘#\’,‘ffvi"c‘“f FAILURE TOCLOSE  p=e  E/E F/G Z h
i u.m-zsiozm" g:gfa‘;'#c:fvi"m"f j Leaoct oo/ coEFo/E ]
nu-sm |l e ] ;évialﬂ:ﬁczgssa — COR/E FO ]
-0 SWITCH SELECTOR 333-%”303{‘55“0 L COE/E E/F FO/Guennd
Q-043203 |78V AFT PWR DIST prig i =COE/E E/F FGfimmeid
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MDS SINGLE THREAD CAUSE/éFFECT ANALYSIS

3.21
MATH MODEL e FAILURE PHASE | CRITICALITY | OVERALL FAILURE MODE
NUMBER TYPE HUMBER (CRITICAL EFFECT)
41.01-03 AFT BATTERY NO. | HO POYER ¢ “—7-
42-01 S¥ITCH SELECTOR gg;m}ﬁ:ﬁ% s C/C 3
42.02.43.01 SEQUEHCER HO OUTPUT i ce "’*g-
42-02.44.01 SEQUENCER RO QUTPUT e [V _.3. !
42-02.44.02 SEQUEHCER O OUTPUT - cA c-z—
42-0342.20 FWD PWR DIST NO QUTPYT koo [/ A
42-04 42.02 28Y AFT PYR DIST HO QUTPUT o ce """l""
42.04.42.30 28V AFT PWR DIST TRANSFER TO EXTERRAL p=> c/e _"2-
42-04.43.03 28V AFT PUR DIST RO QUTPUT == (1 c—L
4305 FWD INTERSTAGE COHN {MPROPER CONHECTION == /e “"2'3'
| 86 | AFTUNTERSTAE COMY INPROPER CONNECTION = = 0/C Sl 11 LSO LONER ITAGE
07 e e ] WMPRGPER CONNECTION o /8 amalie
™ F4D CABLE WPROPER COMECTION fseo  O/0 semeiin
L 40 AFTOABLE WPROPER CONNEGTION e 00 wanlh
Cwn | mreerie EMRONEOUS QUTPUT  fme 00 seorbi
wd | ACOELEROHETER ERRONEOUE OUTPUT [we 00 comid
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399 MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS
MATH MODEL FAILURE PHASE CRITICALITY OVERALL FAILURE #0DE
MUMBER TYPE NUMBER (CRITICAL EFFECT)
61-01 SEVERANCE EBY PREMATURE QPERATION [  C/C ' AT
SEVERANCE EBW 1 SEPARATION
6102 FIRING UNIT PgEMATuns OPERATION oo ¢/
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e PSS BINGLE THREAD CAUSE JEFFECT ANALYSIS
ef? céfwﬁ
BATH MODEL - FAILYRE puase § CRITICALITY | OVERALL FAILURE HODE
HUKBER ! TYPE HUMBER (CRITICAL EFFECT)
62-01 gg;‘;‘{a'}ggﬁfv PREMATURE OPERATION b e/m ! 23. FAILURE TG SEPARATE
5002 E“g;‘}?ﬁ‘}ggﬁﬁ PREMATURE OPERATION feee ED  cwidd




MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.24
$ATH MODEL ITER FAILURE PHASE CRITICALITY § OVERALL FAILURE HODE
NUMBER TYPE HUMBER (CRITICAL EFFECT)
2%-01 J2 ENGINE DEENERGIZED s O/ B e
41.01-01 FWD BATTERY NO. 1 NO POUER e COMEF/F cmnis
1241 SWITCH SELECTOR N TR EL e O/DF/F ool
1201 SWITCH SELECTOR No uTeuT - s D/D F/F 32
12-02.26.02 SEQUENCER NO OUTPUT b E/EG/S 3
12-02.03.01 SEQUENCER NO OUTPUT e CD/D EF/F =
42-03.42.8¢ FWD PUR DIST NO BUTPUT il C/DENF ML
2-03.42.10 FWD PR DIST TRANSFER TOEXTERNALR=  CO/D EF/F 3 ey 5235'&0,”6
12-00.42.02 28V AFT PHR DIST NO OUTPUT e CO/DEF/F i
2-0042.30 28V AFT PUR DIST TRANSFER TO EXTERNAL bme  CO/DEF/F  memins
2044303 28V AFT PHRDIST NO OUTPUT e CO/DEF/F o
4307 TUNNEL CABLE INPROPER CONNECTION J=  CO/BEF/F s
43-08 FHD CABLE IPROPER CONNECTION [ CO/DEF/F  commeie
13-09 AFT CABLE MPROPER CONNECTION b CO/DEF/F sl




MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.25 |
MATH MODEL (TEM FAILURE PHASE CRITICALITY § OVERALL FAILURE MODE
NUMBER TYPE NUMBER (CRITICAL EFFECT)
26-01 12 ENGINE COMPONENT FAILURE ' j==  -B/D F/F —m
41.01-01 FY40 BATTERY NO. 1 O POWER hesa EFF e
41.01-02 F¥D BATTERY NO. 2 1O PORER e COEFF ot
wwa | e i i L
.60 ConERTER. svep ompur [ oo =H
- SWITCH SELECTOR prlg :Erofn}l’;fs”n COEFF  wmf
-0 SMITCH SELECTOR A gL [ COEFF -
Q-GA20 | F¥D PRR DIST HO OUTRST e B o
42-03.42.10 FWD PHR DIST HO OUTRST - 7/ —1
42-01.4220 FWD PWR DIST TRANSFER TO EXTERNALp=e  COEF/F —
42-03.46.01 FWD PWR DIST NO OUTPUT e CDEF/F -
$2-0B3.46.02 FWD PHR DIST HO OUTPUT - COEF/F e
@-034503 | FWD PWR DIST ?{%Trpggqu?égn e EF/F L %. 222’;‘02%&6'“5
Q-840 | FHD PHR DIST NG OUTRUT Y A 1
3-05 FWO INTERSTAGE CONM IMPROPER CONNECTION e CDEF/F e
8-0 TUNNEL CABLE MPROPER CONNECTION [  CDEF/F e
Q-0 FWD CABLE INPROPER CONNECTION pme  CDEF/F et
43-08 AFT CABLE INPROPER CONNECTION e CDEF/F oot}
16-01 LOX MASS PROBE OPEN OR SHORT CIRCUIT/™=  CDEF/F —L
-0 LHz MASS PROBE OPEK OR SHORT CIRCUITf™  CDEF/F -~
450 PU ELECTRONICS NO OUTRUT L
46-03 PU ELECTRONICS VALVE DRIVEN OFER ==~  COEF/F -2
4603 PU ELECTRONICS VALVE DRIVEN CLOSED == anF/F' .—?-21
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.26
HMATH MODEL VTEH FAILURE PHASE CRITICALITY ¢ OVERALL FAILURE MODE -
NUMBER TYPE NUMBER (CRITICAL EFFECT)
N TION
%-01 12 ENGINE W{—E‘nggfocoﬂmu o . ® 0 STAGIHG
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MDS SINGLE THREAD CAUSE/ EFFECTVANAVLYSIS

3.27 » :
WATHWODEL | mrem FAILURE | prase ] CRITICALITY | OVERALL FAILURE MODE
NUMBER TYPE NUMBER l (CRITICAL £FFECT) |
%-01 12 ENGME TN TALNE - | gors  wlll
22202 |ULLAGE ROCKET WoTOR T UG Y T
B30 | ULLAGE ROCKET HOTOR o] SURST O e CDCOD
2021 APS | PROPELLANT PIPING LEAKAGE d c/c ) —'-l-
32.01-22.09 APS ] ENGINE " BURNTHNROUGH e 0/D E/E F/F-G/6 'l-”;-
3 3.2;01-23.03 APS 1 ENGINE BURNTHROUGH oo DE/E FG/G —l(
32.01-24.03 APS | ENGINE BURNTHROUGH s E/EG/G —1-
3012500 | APS ) SHUTOFF VALVE LEAKAGE B O ] .
32012500 | APS 1 SHUTOFF VALVE R ED N Y7 M.
32012500 | APS 1 ENGINE BURNTHAOUGH o EEFFF B
@2 [APS2 PROPELLANT PIPING LEANAGE SV Y. Y—. :
nQ-0M | APS2 ENGINE BURNTHAOUGH o O el M
NU-N0 | API2ENGIE BURNTHRGUGH UL TUG i '
NU-UB | APIEENGING | BANTHROUDH P . MEOA  mmi N
RO-0601 | APEUSHUTORF VALVE - pemmmeemed LEANAGE n B0 e
MU0 | APRE IHUTOFF VALVE ST v g@ e DU/
RABN | w2 ERoINE e, BUMNTHRGUOH o G EE oy
UM | AETROROOKETMOTOR  freemeel BUMTOR b 00 ey |
=250 RETRO ROGKET WOTOR frmemmmmest BUREOR - e 010 3 i) '
-NR | MTAOROOKETHOTOR [t NITUR " fen O et
U@ | MTRONOCKITHGTOR fmmmemt TOR T oy 01 et :




MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3.28
MATH MODEL  §- ITEM FAILURE PHASE CRITICALITY § OVERALL FAILURE MODE
NUMBER TYPE NUMBER {CRITICAL EFFECT)
21.01-02 LHz FILL & DRAIK VALVE FEAN CLOSED = &
20.01-02 LH2 FILL & DRAIN VALVE INTERNAL LEAKAGE = e e
21.01-03 LHy FILL & DRAIN DUCT LEAKAGE = LT
23.01-06 LHz FEED DUCT LEAKAGE e c/c —
R B R ol

2%5-22.02 ULLAGE ROCKET NOTOR B TR OUGH e C/CCOD e
2%-23.00 ULLAGE ROCKET MOTOR B MRUGH s - C/CCD/D  mamed

EX P [ p U
32.01-2208 | APS 1 ENGINE BURNTHROUGH e /D E/E F/F G/G omma

wonm |sesienone | CURNTHROUGH e DEE FO/E L)

r“azo»uoa | aps 1 enme BURNTHROUGH e DE/E FG/G i 2. EXPLOSION
32.01-25.08 APS | ENGINE BURNTHROUGH e EEFF e

e p;psv 2 gum;,; BURNTHROUGH b OE/E PO
3202-23.03 | APS?2 ENGINE BURNTHROUGH e DE/E FG/G omiod
2@-M03 | APS 2 ENGINE BURNTHROUGH beee D/D E/E F/F G/G oommiin
32:02-25.04 APS 2 ENGINE BURNTHROUGH e EEFF  ammn
Q- RETRO ROCKET MOTOR A, e (Y S
62-25.02 RETRO ROCKET MOTOR g‘dgf“;ﬁ:ou t:u - (Y N—F
Q-0 RETRO ROCKET HOTOR A, - [ J—_F
@702 | RETRO ROCKET WOTOR | BT OR o f.. (Y S
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

3,99
MATH HODEL i FAILURE CRITICALITY | OVERALL FAILURE 80
, I7EH DE
HUMBER TYPE PHASE | ™ umseR (CRITICAL EFFECT)
43-01 V F¥D UMBILICAL CONR 1RPROFER DISCOBNECT Jemm ‘ C/CDF 3
- . 3 29, LAUMNCH DABAGE
43-02 AFT UMBILICAL CONN MPROPER DISCONNECT po C/COF

13
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MDS SINGLE THREAD CAUSE/EFFECT ANALYSIS

MATH MODEL VTEM FAILURE PHASE CRITICALITY § OVERALL FAILURE #ODE -
NUMBER TYPE HUMBER (CRITICAL EFFECT)
23.00-05 LHp SHUTOFF VALVE 2 ‘é'm%%‘fsa e COMEF/F ey
24-13.02 SHUTOFF VALVE ReMAw clgses [ CODER x 0. ENGINE BREAKUP
%-01 12 ENGINE COMPONENT FAILURE [ CIVD EF/F  weiidd
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